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PREFACE 


The Analog Division, one of ten Signetics divisions, is a major supplier of a broad 
line of Analog integrated circuits ranging from proprietary high performance original 
designs to many of the more popular industry standard devices and custom designs. 

The 1982 Analog Data Manual provides complete technical data on Signetics Analog 
Division’s full line of standard linear, consumer and data conversion integrated cir¬ 
cuit products. 

Employing Signetics high quality processing and screening standards, the Analog 
Division is dedicated to providing high quality analog products to our worldwide cus¬ 
tomers. Our full product line addresses the needs of the EDP, Automotive, Military, 
Industrial, Consumer and Communication markets. 

Our products include a line of wide performance operational and video amplifiers, 
timers, comparators, A/D and D/A converters, sample/holds, radio and audio circuits, 
computer and display interface circuits, phase-locked loops, power controllers and 
transistor arrays. 

A few of the more popular original Signetics analog product designs in this data 
manual include the NE555 timer, NE5534 low noise op amp, NE592 video amplifier, 
5018 and 5020 D/A converters, the 5036 and 5037 A/D converters, and the Dolby cir¬ 
cuits, the NE648, NE649 and NE650. 

Helpful selection and cross reference guides are Included to help the designer 
search for the correct devices. In addition, a packaging section and hi-rel screening 
for MIL-STD 38510 devices are included. Contact the Signetics sales office, repre¬ 
sentative or distributor nearest you for further assistance. 

Although every attempt has been made to insure the accuracy of the information in 
this manual, Signetics assumes no liability for Inadvertent errors. 

Your suggestions for improvement in further editions are welcome. 
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PRODUCT DELETIONS/ADDITIONS 


DELETIONS 


NE5007/5008/SE5008^ 

NE/SE5009^ 

NE5522 

NE/SE5553/5554 
SD210/211/212/213/ 
214/215 
SD300/303/304 
SD305/306 
SD5000/5001/5002 
75S107 
75S108 
75S207 
75S208 


8-Bit High Speed Multiplying D/A Converter 
8-Bit High Speed Multiplying D/A Converter 
Universal Analog Controller 
Dual Polarity Reguiator 

D-MOS FET Switch N-Channel Enhancement 

D-MOS FET Dual Gate N-Channel Enhancement 

D-MOS FET Dual Gate N-Channel Enhancement 

D-MOS FET Quad Analog Switch Arrays and Multipiexers 

High Speed Duai Line Receiver 

High Speed Dual Line Receiver 

High Speed Dual Sense Amplifier for MOS Memories 

High Speed Dual Sense Amplifier for MOS Memories 


ADDITIONS 


CA3183 High Voltage Transistor Array. 13-3 

CA3189 FM-IF System. 14-8 

DAC-08 8-Bit High Speed Multiplying D/A Converter. 11-5 

LM1870 FM Decoder with Stereo/Mono Switching .14-13 

MC3303/3403/3503 Quad Low Power Operational Amplifier. 3-35 

NE645/646 Dolby Noise Reduction Circuit .15-19 

NE648/649 Low Voltage Dolby Noise Reduction Circuit .15-23 

NE650 Dolby B/C Type Noise Reduction Circuit.15-27 

NE/SA/SE4558 Dual General Purpose Operational Amplifier. 3-55 

NE/SE5034 8-Bit General Purpose A/D Converter.11-34 

NE/SE5036 6-Bit A/D Converter (Serial Output) .11-44 

NE/SE5037 6-Bit A/D Converter (Parallel Outputs).11-49 

NE5090 Addressable Relay Driver. 9-22 

NE5520 LVDT Signal Conditioner. 7-17 

NE/SE5561 Switch-Mode Power Supply Controller. 6-10 


NOTE 

1. See DAC-08 Series 
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ORDERING INFORMATION 


ORDERtNG tNFORMATION 

Signetics' Analog integrated circuit prod¬ 
ucts may be ordered by contacting either 
the local Signetics sales office, Signetics 
representatives and/or Signetics authorized 
distributors. A complete listing is located in 
the back of this manual. 

Minimum Factory Order: 

Commercial Product: 

$1000 per order 

$250 per line item per order 

Military Product: 

$250 per line item per order 


Table 1 provides part number information 
concerning for both Signetics originated 
products and industry standard products. 

Table 2 is a cross reference of both the old 
and new package suffixes for all presently 
existing types, while Table 3 and 4 provide 
appropriate explanations on the various 
prefixes employed in the part number 
descriptions. 

As noted in Table 3, Signetics defines 
device operating temperature range by the 
appropriate prefix. It should be noted 
however, that devices with a SE prefix 
(-55° C to +125° C) indicates only its operat¬ 
ing temperature range and not its military 
qualification status. The military qualifica¬ 
tion status of any analog product can be 
determined by either looking in the Military 
Section in this manual and/or contacting 
your local sales office. 


Table 1 PART NUMBER DESCRIPTION 


PART 

NUMBER 


CROSS REF 
PART NO. 


PRODUCT 

FAMILY 


PRODUCT 

DESCRIPTION 


NE5534N 

mA741C 


LM741CJ 


ANA 

ANA 


Low Noise OP-AMP 
General Purpose OP-AMP 


►Product Family 


► Description of 
Product Function 


ECL Emitter Coupled Logic 
DTL Diode Transistor Logic 
j ANA Analog Products 
MOS Metal Oxide Silicon 
BIM Bipolar Memory Products 
MIL Military Products 
TTL Transistor Logic 
ML2 Military Products 


Package Type—See Table 1 

- Device Number and Temperature Range Suffix 

►Device Family and Temperature Range Prefix for 

Industry Standard and Signetics Originated Products—See Table 2. 


Table 2 PACKAGE DESCRIPTIONS Table 3 DEVICE TEMPERATURE 


SUFFIX 

PACKAGE 

Old 

New 

DESCRIPTION2 

A,AA 

N 

14-lead plastic DIL 

A 

N-14 

14-lead plastic DIL (Selected 
Analog products only) 

B,BA 

N 

16-lead plastic DIL 

- 

D 

Microminiature package (SO) 

F 

F 

14, 16, 18, 2Z and 24-lead 
ceramic (Cerdip) DIL 

l,IK 

1 

14, 16, 18, 22, 28 and 4-lead 
ceramic DIL 

K 

H 

10-lead TO-100 

L 

H 

10-lead high-profile TO-100 
can 

NA,NX 

N 

24-lead plastic DIL 

Q,R 

Q 

10, 14, 16 and 24-lead 
ceramic flat 

T,TA 

H 

8-lead TO-99 

U 

u 

SIL Plastic power 

V 

N 

8-lead plastic DIL 

W,WJ 

W 

10, 14, 16 and 24-lead 
ceramic (Cerpac) flat 

XA 

N 

18-lead plastic DIL 

XC 

N 

20-lead plastic DIL 

XC 

N 

22-lead plastic DIL 

XL,XF 

_i 

N 

28-lead plastic DIL 


PREFIX 

DEVICE TEMPERATURE RANGE 

N- 

0° to -l-70°C 

S- 

-55° to +^25°C 

NE- 

0° to +70°C 

SE- 

-55° to +125°C 

SA 

-40° to +85°C 

SU 

-25° to +85°C 

Table 4 

FAMILY PREFIX 

PREFIX 

DEVICE FAMILY 

CA 

Linear Industry Standard 

DS 

Linear Industry Standard 

JB 

Mil Rel—Jan Qualified- 
Old Designator 

JM 

Mil Rel—Jan Qualified- 
New Dftsignator 

LH 

Linear Industry Standard 

LM 

Linear Industry Standard 

M 

Mil Rel—Jan Processed 

MC 

Linear Industry Standard 

SD 

Linear DMOS 

mA 

Linear Industry Standard 

ULN 

Linear Industry Standard 
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PRODUCT STATUS DEFINITIONS 


DEFINITION OF TERMS 


Data Sheet Identification Product Status Definition 


Preview 


Advance Information 


Preliminary 


No 

Identification 

Noted 


Formative or This data sheet contains the design 
In Design specifications for product develop- 

m^t. Specifications may change in 
_ any manner without notice. _ 

Sampling or This data sheet contains advance 
Pre-Production information and specifications are 
subject to change without notice. 

This data sheet contains preliminary 
data and supplementary data will be 
published at a later date. Signetics 
reserves the right to make changes 
at any time without notice in order 
to improve design and supply the 
best possible product. 

Full This data sheet contains final 

Production specifications. Signetics reserves 

the right to make changes at any 
time without notice in order to im¬ 
prove design and supply the best 
possible product. 


First 

Production 


X 
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ALPHA/NUMERIC INDEX 


Device Section/Page Device 

CA3081 . 13-3 NE5036 . 

CA3082 . 13-3 NE5037 . 

CA3089 . 14-3 NE5044 . 

CA3183. 13-6 NE5045 . 

CA3189. 14-8 NE5046 . 

DAC-08. 11-5 NE5090 . 

DAC-08A. 11-5 NE5118 . 

DAC-08C. 11-5 NE5119 . 

DAC-08E. 11-5 NE521 .. 

DAC-08H. 11-5 NE522 .. 

DS7820 . 9-3 NE527 . . 

DS7820A. 9-5 NE529 .. 

DS7830 . 9-9 NE530 . . 

DS8820 . 9-3 NE531 . . 

DS8820A. 9-5 NE532 . . 

DS8830 . 9-9 NE535 . . 

LF355. 3-7 NE538 . . 

LF356. 3-7 NE540 . . 

LF398. 12-5 NE542 . . 

LM111 . 8-3 NE544.. 

LM119. 8-6 NE5512 . 

LM124. 3-16 NE5514 . 

LM13600 . 3-24 NE5517 . 

LM13600A. 3-24 NE5517A 

LM139. 8-1 NE5520 . 

LM158. 3-51 NE5530 . 

LM1870 . 14-13 NE5532 . 

LM193. 8-16 NE5532A 

LM193A. 8-16 NE5533 . 

LM211 . 8-3 NE5533A 

LM219. 8-6 NE5534 . 

LM224 . 3-16 NE5534A 

LM239 . 8-11 NE5535 . 

LM258 . 3-51 NE5537 . 

LM2901 . 8-11 NE5538 . 

LM2903 . 8-16 NE5539 . 

LM293 . 8-16 NE555 . . 

LM293A. 8-16 NE556 . . 

LM301A. 3-20 NE556-1 . 

LIVI311 . 8-3 NE5560 . 

LM319. 8-6 NE5561 . 

LM324 . 3-16 NE558 . . 

LM339 . 8-1 NE564 . . 

LM358 . 3-51 NE565 . . 

LM387 . 15-3 NE566 .. 

LM393 . 8-16 NE567 . . 

LM393A. 8-16 NE570 .. 

MCI 408-7. 11-13 NE571 .. 

MC1408-8. 11-13 NE572 . . 

MC1456 . 3-27 NE582-1 . 

MC1458 . 3-30 NE587 . . 

MC1488 . 9-11 NE589 .. 
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MC1508-8. 11-13 NE594 .. 
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Section/Page Device 

.11-44 SA594 .. 
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. 7-9 SA741C . 

. 7-12 SA747C . 

. 7-15 SE4558.. 

. 9-22 SE5018.. 
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.10-24 

. 6-22 
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. 3-55 

.11-19 
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DEVICE 

COM¬ 

PLEXITY 

TEMP. 

RANGE 

MAX. INPUT 
VOLTAGE 

MAX. INPUT 
CURRENT 

MIN. 

A VQL 
(V/mV) 


TYP. 

SLEW 

RATE 

(V/^s) 

DIFF. 

INP. 

VOLT 

(V) 

TYP. COMMON 
MODE REJ. VOLT. 

Bj 



MAX. 

SUPPLY 

CURR. 

(mA) 

MIN. 
OUTPUT 
VOLT. 
SWING (V) 


INPUT 

NOISE 

VOLT. 

(NVHz) 

Offset 

(mV) 

Drift 

(mV/“C) 

Offset 

(nA) 

Bias 

(nA) 

Ratio 

«JB) 

Range 

(V) 

121 

^1 


NE536 

Sing. 

Ind. 

30 • 

30 • 

5pAM 

0.1 A 

25 

1.0 

6.0 

±30 

80 

±11 

80 

± 6 

±20 

5.0 

8.0A 

Hfl 

yes 


SU536 

Sing. 

Ext. 

30 

20* 

5pAB 

3.0 

50 

1.0 

6.0 

±30 

80 

±11 

86 

±6 

±18 

5.0 

5.5A 


yes 


NE530 

Sing. 

Ind. 

6.0 

6« 

80 

200 

25 

3.0 

35 

±30 

90 

±13 

70 

±15 

±18 

25 A 

3.0 

EB 

yes 


SE530 

Sing. 

Ind. 

3.0 

15 

20 

100 

25 

3.0 

35 

±30 

90 

±13 

70 

±15 

±18 

25 A 

3.0 

bb 

yes 

hHI 

SE538 

Sing. 

Mil. 

3.0 

15 

20 

100 

25 

6.0 

60 

±30 

90 


70 

±15 

±22 

25 A 



yes 


NE538 

Sing. 

Ind. 

6.0 

6« 

80 

200 

25 

6.0 

60 

±30 

90 


70 

±15 

±18 

25 A 



yes 


NE5534/A 

Sing. 

Ext. 

4.0A 


300 A 

1500 A 

30 A 

10.0 

13 

±5 

100 

EH 

100 

±3 

±22 

38B 



yes 


SE5534/A 

Sing. 

Mil. 

3.0 


500 

1500 

25 

10.0 

13 

±5 

100 

BH 

100 

±3 

±22 

38B 

9.0 


yes 

BH 

mA740C 

Sing. 

Ind. 

30* 


0.06 • 

10.0 

500 • 

1.0 

6.0 

±30 

80 

±12 

80 

H 

±22 

5.0 

8.0 A 

±12 

yes 


/iA741 

Sing. 

Mil. 

6.0 


500 

1500 

25 

1.0 

0.5 

±30 

90 

±13 

100 

Bl 

±22 

5.0 

2.5 

±12 

yes 


^A741C 

Sing. 

Ind. 

mm 


300 

800 

15 

1.0 

0.5 

±30 

90 

±13 

100 

H 

±18 

5.0 

2.8 A 

±12 

yes 


fiA748 

Sing. 

Mil. 

Bl 


500 

1500 

25 

1.0 

0.5 

±30 

0 

±13 

90 

H 

±22 

5.0 

2.8 

±12 

no 


/*A748C 

Sing. 


7.5 

■1 

300 

800 

25 

1.0 

0.5 

±30 

90 

±13 

90 

±3 

±18 

5.0 

2.8 

±12 

no 


LM158 

Dual 


7.0 


100 

300 

25 

1.0 


32 

70 

Vs-1.5 

100 

3 

30 

40 

2.0 

Vs-2 

yes 


LM258 

Dual 


9.0 

mm 

150 

500 

15 

1.0 


32 

65 

Vs-1.5 

100 

3 

30 

40 

2.0 

Vs-2 

yes 


LM358 

Dual 


9.0 

WM 

150 

500 

15 

1.0 


32 

65 

Vs-1.5 

100 

3 

30 

40 

2.0 

Vs-2 

yes 


MCI 458 

Dual 

Ind. 

7.5 


300 

800 

15 

1.0 

0.8 

±30 

90 

±13 

90 

±3 

±18 

5.0 

5.6 A 

±12 

yes 


MC1588 

Dual 

Mil. 

6.0 


500 

1500 

25 

1.0 

0.5 

±30 

90 

±13 

90 

±3 

±22 

5.0 

5.0A 

±12 

yes 


SA1458 

Dual 

Ext. 

7.5 


500 

1500 

15 

1.0 

0.8 

±30 

90 

±13 

90 

±3 

±18 

5.0 

5.0A 

±12 

yes 


NE532 

Dual 

Ind. 

7.5 

?• 

150 

500 

15 

1.0 


32 

70 

Vs-1.5 

100 

3 

30 

40 

1.2 

Vs-2 

yes 


SA532 

Dual 

Ext. 

7.5 

7.5* 

150 

500 

15 

1.0 


32 

70 

Vs-1.5 

100 

3 

30 

40 

1.2 

Vs-2 

yes 


SE532 

Dual 

Mil. 

7.0 

7« 

100 

300 

25 

1.0 


32 

70 

Vs-1.5 

100 

3 

30 

40 

1.2 

Vs-2 

yes 


/tA747 

Dual 

Mil. 

6.0 


500 

1500 

25 

1.0 

.05 

±30 

90 

±13 

90 

±3 

±22 

5.0 

3.3 

±12 

yes 


/*A747C 

Dual 

Ind. 

7.5 


300 

800 

15 

1.0 

0.5 

±30 

90 

±13 

90 

±3 

±18 

5.0 

3.3 

±12 

yes 


SE5535 

Dual 

Mil. 

3.0 

15 

20 

100 

25 

1.0 

15 

±30 

90 

± 13 

70 

±3 

±22 

5.0 

3.3 

±12 

yes 


NE5535 

Dual 

Ind. 

6.0 

6« 

80 

200 

25 

1.0 

15 

±30 

90 

±13 

70 

±3 

±18 

5.0 

2.09 

±12 

yes 


LM124 

Quad 

Mil. 

7.0 

7* 

100 

300 

25 

1.0 


32 

85 

Vs-1.5 

100 

3 

30 

40 

2.0 

Vs-2 

yes 


LM224 

Quad 

Ext. 

9.0 

79 

150 

500 

15 

1.0 


32 

85 

Vs-1.5 

100 

3 

30 

40 

2.0 

Vs-2 

yes 


LM324 

Quad 

Ind. 

9.0 

79 

150 

500 

15 

1.0 


32 

85 

Vs-1.5 

100 

3 

30 

40 

2.0 

Vs-2 

yes 


SA534 

Quad 

Ext. 

9.0 

79 

150 

500 

15 

1.0 


32 

85 

Vs-1.5 

100 

3 

30 

40 

2.0 

Vs-2 

yes 


LM2902 

Quad 

Ext. 

15.0 

79 

200 

1000 

15 

1.0 


26 

85 

Vs-1.5 

100 

3 

26 

40 

2.0 

Vs-2 

yes 


SE5538 

Dual 

Mil. 

3.0 

15 

20 

100 

25 

6.0 

60 

±30 

90 

±13 

70 

±15 

±22 

25 A 

3.6 

±12 

yes 


NE5538 

Dual 

ind. 

6.0 

6» 

80 

200 

25 

6.0 

60 

±30 

90 

±13 

70 

±15 

Ba 



±12 

yes 


SE5530 

Dual 

Mil. 

3.0 

15 

20 

100 

25 

3.0 

35 

±30 

90H 


70 

±3 

H 



±13 

yes 


NE5530 

Dual 

Ind. 

6.0 

6* 

80 

200 

25 

3.0 

35 

±30 

90M 


70 

±3 

H 



±13 

yes 


NE5532/A 

Dual 

Ind. 

5.0 


200 

1000 

10 

10 

9 

±5 

100 


80 

±5 

H 



±15 

yes 

6 

NE5533/A 


Ind. 

5.0 


400 

2000 

15 


13 

±5 

100 


80 

H 

H 

■HH 

■■ 

±15 

yes 

BQm 

NE5512 


Ind. 

1.5 


8 

8 

200 


1 




100 

Bl 

H 



±8 



NE5514 


Ind. 

1.5 


8 

8 

25 


1 


100 


100 

H 

H 


12 

±8 



NE4558 


Ind. 

2.0 


200 

500 



0.5 


100 



H 

Ba 

liiH 


±10 



MC3403 

Quad 

Ind. 

10 


75 

500 



0.6 


90 


30 



HI] 


±18 


_j 

NOTES 




















1. Military; 

-55°C to -(-125°C 


















Extended; -25°Cto +85"C 


















Industrial; 0°C to +70”C 


















2. Specifications guaranteed over full temperature range unless otherwise indicated by the following marks; 










I • Typical over full temperature range 

A Guaranteed at 25'C ■ Typical at 25*0 
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ANALOG DIVISION 


MARCH 1982 


SI6NETICS ANALOG SELECTOR GUIDE 


COMPARATORS 


DEVICE 

COM¬ 

PLEXITY 

TEMP. 

RANGE* 

MAX. INP. 
OFFSET 
VOLT. 
(mV) 

MAX. INP. 
CURRENT 

SUPPLY 

VOLTAGE 

(V) 

RESPONSE 

TIME 

(TYP.Xns) 

COMMON 
MODE 
VOLTAGE 
RANGE (V) 

OUTPUT VOLT. 

OUTPUT 

VOLT. 

GAIN 

(TYP.) 

(V/mV) 

TTL 

FANOUT 

MAX. DIFF. 
INPUT 
VOLT. 

(V) 

PACK¬ 

AGES 

Bias 

mA) 

Offset 

^A) 

Vql Max. 
(V) 

VoHWin. 

(V) 

TURE 

lmiiH 

Single 

M 

4.00 

0.15 

0.02 

± 15 

200 

±14 

0.4 


O.C. 

200 

5 

±30 

FJ 

LM211 

Single 

E 

4.00 

0.15 

0.02 

to 

200 

±14 


o.c. 

200 

5 

±30 

F,N,T 


LM311 

Single 

I 

10.0 

0.30 

0.07 

- 1 - 5 and GND 

200 

± 14 

0.4 


O.C. 

200 

5 

±30 

F,N,T 

NE5272 

Single 

I 

10.0 

4.00 

1.00 

± 5 to ±15 

16 

±6 

0.5 

2.7 

TTL 


5 

±5 

F,K,N 

SE527 

Single 

M 

6.00 

4.00 

1.00 

and GND 

16 

±6 

0.5 

2.5 

TTL 


5 

± 5 

F,K 

NE5292 

Single 

I 

10.0 

50.0 

15.0 

± 5 to ±15 

12 

±6 

0.5 

2.7 

TTL 


5 

±5 

F,K,N 

SE529 

Single 

M 

6.00 

36.0 

9.00 

and GND 

12 

± 6 

0.5 

2.5 

TTL 


5 

±5 

F,K 

LM119^ 

Dual 

M 

7.00 

1.00 

0.10 

±15 

80 

±13 

0.6 


O.C. 

40 

2 

±5 

K,F 

LM219 

Dual 

E 

7.00 

1.00 

0.10 

to 

80 

±13 

0.6 


O.C. 

40 

2 

±5 

K,F 

LM319 

Dual 

I 

10.0 

1.20 

0.30 

±5 and GND 

80 

±13 

0.6 


O.C. 

40 

2 

±5 

F,K,N 

LMI 933 

Dual 

M 

9.00 

0.30 

0.10 

± 1 to ±18 

1300 

0 to Vs-2 

0.7 


O.C. 

200 

2 

36 

T 

LM293 

Dual 

E 

9.00 

0.40 

0.15 

or 

1300 

0 to Vs-2 

0.7 


O.C. 

200 

2 

36 

N,T 

LM393 

Dual 

I 

9.00 

0.40 

0.15 

+2 to +36 GND 

1300 

0 to Vs-2 

0.7 


O.C. 

200 

2 

36 

N,T 

LM2903 

Dual 

E 

15.0 

0.50 

0.20 


1300 

0 to Vs-2 

0.7 


O.C. 

100 

2 

36 

N.T 

NE521^ 

Dual 

I 

10.0 

40.0 

12.0 

+ 5, -5 GND 

7 

±3 

0.5 

2.7 

TTL 


12 

±6 

F,N 

NE522 

Dual 

I 

10.0 

40.0 

12.0 

+ 5, -5, GND 

9 

±3 

0.5 


O.C. 


12 

± 6 

F,N 

LMI 393 

Quad 

M 

9.00 

0.30 

0.10 


1300 

0 to Vs-2 

0.7 


O.C. 

200 

2 

36 

F,N 

LM239 

Quad 

E 

9.00 

0.40 

0.15 

± 1 to ± 18 or 

1300 

0 to Vs-2 

0.7 


O.C. 

200 

2 

36 

F,N 

LM339 

Quad 

I 

9.00 

0.40 

0.15 

+ 2 to + 36 

1300 

0 to Vs-2 

0.7 


O.C. 

200 

2 

36 

F,N 

LM2901 

Quad 

E 

15.0 

0.50 

0.20 


1300 

0 to Vs-2 

0.7 


O.C. 

100 

2 

36 

N 

MC33023 

Quad 

E 

40.0 

1.00 

0.20 

+2 to +28 GND 

2000 

0 to Vs-2 

0.4 


O.C. 

30 

2 

28 

N 


NOTES 

1. With strobe; will work from single supply 

2. Complementary output gates with individual strobes. 

3. Will operate from single or dual supplies. 

4. Ultra high speed 


'Temperature Range 
E = Extended 
I = Industrial 
M = Military 


D/A CONVERTERS 


PRODUCT 

# BITS 

ACC. % 

OUTPUT 

INT. 

REF. 

INT. 

LATCH 

PACKAGE 

TEMPERATURE RANGE 

RELIABILITY 

V 

1 

T 

N 

F 

Com’l. 

Mil. 

SURE II 

SUPR II 

MCI 408-6 

8 

.s 


X 




X 

X 

X 


X 


MCI 408-7 

8 

.39 


X 




X 

X 

X 


X 

X 


8 

.19 


X 




X 

X 

X 


X 

X 


8 

.19 


X 





X 


X 

X 

X 


8 

.39 


X 

X 



X 

X 

X 


X 

X 

iQQQim 

8 

.19 


X 

X 



X 

X 

X 


X 

X 


8 

.1 


X 

X 



X 

X 

X 


X 

X 


8 

.19 


X 

X 




X 


X 

X 

X 


8 

.1 


X 

X 




X 


X 

X 

X 

NE5018 

8 

.19 

X 



X 

X 

X 

X 

X 


X 

X 


8 

.1 

X 



X 

X 

X 

X 

X 


X 

X 


8 

.19 

X 



X 

X 


X 


X 

X 

X 


8 

.1 

X 



X 

X 


X 


X 

X 

X 


8 

.19 


X 


X 

X 

X 

X 

X 


X 



8 

.1 


X 


X 

X 

X 

X 

X 


X 


SE5118 

8 

,19 


X 


X 

X 


X 


X 

X 


SE5119 

8 

,1 


X 


X 

X 


X 


X 

X 


NE5020 

10 

.1 

X 



X 

X 

X 

X 

X 


X 
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ANALOG DIVISION 
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ANALOG CROSS REFERENCE GUIDE 


ANALOG CROSS REFERENCE 

Manufacturer 

T.l. 

AMD 

FAIRCHILD 

INTEL 

MOTOROLA 

NATIONAL 

SIGNETICS 

TEMPERATURE RANGE CROSS REFERENCE 

Commercial 

72, 74, 75 

C 

C 

— 

14, 34, 86 

3, 86, 88 

NE 

Military 

52, 54, 55 

M 

M 

M 

15, 35, 96 

1, 96, 78 

SE 

PACKAGE CROSS REFERENCE 

Hermetic DIP 

J 

D 

0 

C, D 

L 

D 

F-FE 

Molded DIP 

N 

P 

P 

P 

P2 

N 

N 

Mini-Molded DIP 

P 

T 

T 

— 

Pl 

N 

N 

Metal Can 

L 

H 

H 

— 

G, R 

H 

H 

Small Outline (SO) 

- 

_Z!_ 


— 

D 

_ 

- 

D 


PART NUMBER CROSS REFERENCES 


TYPE TO BE 

SIGNETICS 

TYPE TO BE 

SIGNETICS 

TYPE TO BE 

SIGNETICS 

REPLACED 

REPLACEMENT 

REPLACED 

REPLACEMENT 

REPLACED 

REPLACEMENT 

AD741CN 

^A741CN 

CA741CE 

^A741CN 

LM239N 

LM239N 

AD559JD 

MC1408-8F 

CA741CF 

^A741CFE 

LM258JG 

LM258FE 

AD559K 

MC1408-8F 

CA741F 

^A741FE 

LM258P 

LM258N 

AD559KD 

MC1408-8F 

CA747CF 

/tA747CF 

LM293P 

LM293N 

AD559S 

MC1508-8F 

CA747F 

/4A747F 

LM301AJG 

LM301AFE 

AD559SD 

MC1508-8F 

CA748CE 

/4A748CN 

LM311D 

LM311F 

AM555DC 

NE555F 

CA748CF 

mA748CF 

LM311J 

LM311F 

AM555DM 

SE555F 

CA748F 

^A748F 

LM311J-14 

LM311F 

AM555HC 

NE555H 

CA1458E 

MC1458N 

LM311JG 

LM311FE 

AM555HM 

SE555H 

CA1458F 

MC1458FE 

LM311N 

LM311N 

AM555TC 

NE555N 

CA3081E 

CA3081N 

LM311P 

LM311N 

AM723DC 

/tA723CF 

CA3082E 

CA3082N 

LM319D 

LM319F 

AM723DM 

^A723F 

CA3183E 

CA3183N 

LM319J 

LM319F 

AM741DC 

,iA741CFE 

DAC-08A 

DAC-08A/SE5009 

LM319N 

LM319N 

AM741DM 

mA741FE 

DAC-08 

DAC-08/SE5008 

LM324J 

LM324F 

AM747DC 

/iA747CF 

DAC-08H 

DAC-08H/NE5009 

LM324N 

LM324N 

AM747DM 

/iA747F 

DAC-08E 

DAC-08E/NE5008 

LM339J 

LM339F 

AM748DC 

/iA748CF 

DAC-08C 

DAC-08C/NE5007 

LM339N 

LM339N 

AM748DM 

/iA748F 

DS1488J 

MC1488F 

LM358H 

LM358H 

AMLM211D 

LM211F 

DS1489AJ 

MC1489AF 

LM358JG 

LM358FE 

AMLM311D 

LM311F 

DS1489J 

MC1489F 

LM358L 

LM358H 

CA111F 

LM111F 

LM111D 

LM111F 

LM358N 

LM358N 

CA124F 

LM124F 

LM111J 

LM111F 

LM358P 

LM358N 

CA139AF 

LM139AF 

LM119D 

LM119F 

LM361D 

NE529F 

CA139F 

LM139F 

LM119J 

LM119F 

LM361H 

NE529H 

CA211F 

LM211F 

LM124D 

LM124F 

LM361J 

NE529F 

CA224F 

LM224F 

LM124J 

LM124F 

LM361N 

NE529N 

CA239AF 

LM239F 

LM139D 

LM139F 

LM381N 

LM381N 

CA239F 

LM239F 

LM139J 

LM139F 

LM382N 

LM382N 

CA301AF 

LM301AFE 

LM158JG 

LM158FE 

LM387N 

LM387N 

CA311F 

LM311F 

LM161D 

SE529F 

LM393N 

LM393N 

CA324E 

LM324N 

LM161H 

SE529H 

LM393P 

LM393N 

CA324F 

LM324F 

LM161J 

SE529F 

LM555CH 

NE555H 

CA339E 

LM339N 

1LM211D 

LM211F 

LM555CN 

NE555N 

CA339F 

LM339F 

LM211J 

LM211F 

LM555H 

SE555H 

CA555CE 

NE555N 

LM219D 

LM219F 

LM556CD 

NE556F 

CA555CF 

NE555F 

LM219J 

LM219F 

LM556CJ 

NE556F 

CA555CT 

NE555H 

LM224D 

LM224F 

LM556CN 

NE556N 

CA555F 

SE555F 

LM224J 

LM224F 

LM556D 

SE556F 

CA555T 

SE555H 

LM224N 

LM224N 

LM556J 

SE556F 

CA723CE 

^A723CN 

LM239D 

LM239F 

LM565CH 

NE565H 

CA723E 

mA723N 

LM239J 

LM239F 

LM565CN 

NE565N 


1-4 
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ANALOG CROSS REFERENCE GUIDE 


PART NUMBER CROSS REFERENCES (Continued) 


TYPE TO BE 

SIGNETICS 

TYPE TO BE 

SIGNETICS 

TYPE TO BE 

SIGNETICS 

REPLACED 

REPLACEMENT 

REPLACED 

REPLACEMENT 

REPLACED 

REPLACEMENT 

LM565H 

SE565H 

MC1458SP1 

NE5535N 

MLM324P 

LM324N 

LM566CN 

NE566N 

MC1458U 

MC1458FE 

MLM339AL 

LM339AF 

LM567H 

SE567H 

MC1488L 

MC1488F 

MLM339AP 

LM339AN 

LM567CN 

NE567N 

MC1489AL 

MC1489AF 

MLM339L 

LM339F 

LM567H 

SE567H 

MC1489L 

MC1489F 

MLM339P 

LM339N 

LM723CD 

/tA723CF 

MC1496G 

MC1496H 

MLM358G 

LM358H 

LM723CJ 

/tA723CF 

MC1496L 

MC1496F 

MLM368P1 

LM358N 

LM723CN 

^A723CN 

MC1496P 

MC1496N 

MLM358U 

LM358FE 

LM723D 

/iA723F 

MC1508L8 

MC1508-8F 

MLM565CP 

NE565N 

LM723J 

mA723F 

MC1555G 

SE555H 

MLM2901P 

LM2901N 

LM723N 

^A723N 

MC1555U 

SE555FE 

MLM2902P 

SA534N 

LM733CD 

mA733CF 

MC1556U 

MC1556FE 

^A124DM 

LM124F 

LM733CJ 

/iA733CF 

MC1558JG 

MC1558FE 

/iA224DM 

LM224F 

LM733CN 

mA733CN 

MC1558SL 

SE5535F 

^A301ANC 

LM301AN 

LM733D 

/iA733F 

MC1558U 

MC1558FE 

/iA311TC 

LM311N 

LM733T 

mA733F 

MC1596G 

MC1596H 

,iA324DC 

LM324F 

LM741CJ 

/iA741CFE 

MC1596L 

MC1596F 

/xA324PC 

LM324N 

LM741CN 

f^A741CN 

MC1723CL 

fiA723CF 

/iA339ADC 

LM339AF 

LM747CD 

mA747CF 

MC1723CP 

mA723CN 

;iA339DC 

LM339F 

LM747CJ 

mA747CF 

MC1723L 

hA723F 

mA339PC 

LM339N 

LM747D 

mA747F 

MC1733CL 

hA733CF 

mA555HC 

NE555H 

LM747J 

mA747F 

MC1733CP 

mA733CN 

/4A555HM 

SE555H 

LM748CJ 

mA748CF 

MC1733L 

mA733F 

^A555TC 

NE555N 

LM748CN 

mA748CN 

MC1741CP1 

mA741CN 

/4A556DC 

NE556F 

LM748J 

mA748F 

MC1741CU 

mA741CFE 

/iA556DM 

SE556F 

LM1458J 

MC1458FE 

MC1741SCP1 

NE535N 

/xA556PC 

NE556N 

LM1458N 

MC1458N 

MC1741SCU 

NE535FE 

/iA723CJ 

/tA723CF 

LM1496J 

MC1496F 

MC1741SU 

SE535FE 

^A723CN 

MA723CN 

LM1496N 

MC1496N 

MCI 741U 

SE535FE 

fi A723DC 

/.A723CF 

LM1558J 

MC1558FE 

MC1747CL 

fiA747CF 

^A723DM 

/iA723F 

LM1596H 

MC1596H 

MC1747CP2 

fiA747CN 

^A723MJ 

/iA723F 

LM1596J 

MC1596F 

MC1747L 

mA747F 

/.A723PC 

/xA723CN 

LM2901J 

LM2901F 

MC1748CP1 

mA748CN 

,iA733CJ 

/4A733CF 

LM2901N 

LM2901N 

MC3302L 

MC3302F 

/4A733CN 

/zA733CN 

LM2902J 

SA534F 

MC3302P 

MC3302N 

/tA733DC 

/tA733CF 

LM2902N 

SA534N 

MC3456L 

NE556F 

/iA733DM 

^A733F 

LM2903N 

LM2903N 

MC3456P 

NE556N 

/iA733MJ 

/iA733F 

LM2903P 

LM2903N 

MC3556L 

SE556F 

liAJAOHC 

/xA740CH 

MC1408L6 

MC1408-6F 

MLM111L 

LM111F 

//A741CJG 

/iA741CFE 

MC1408L7 

MC1408-7F 

MLM111U 

LM111FE 

/iA741CP 

;4A741CN 

MC1408L8 

MC1408-8F 

MLM124L 

LM124F 

/iA741MJG 

/aA741FE 

MC1408P6 

MC1408-6N 

MLM139AL 

LM139AF 

/iA741TC 


MC1408P7 

MC1408-7N 

MLM139L 

LM139F 

/iA747CJ 

/xA747CF 

MC1408P8 

MC1408-8N 

MLM158U 

LM158FE 

/iA747CN 

/iA747CN 

MC1411P 

ULN2001N 

MLM211L 

LM211F 

mA747DC 

^A747CF 

MC1416P 

ULN2004N 

MLM211U 

LM211FE 

;4A747DM 

/iA747F 

MC1455G 

NE555H 

MLM224L 

LM224F 

/4A747MJ 

/iA747F 

MC1455P1 

NE555N 

MLM224P 

LM224N 

mA747PC 

/4A747CN 

MC1455U 

NE555FE 

MLM239AL 

LM239AF 

;iA748CJ 

/tA748CF 

MC1456CP1 

MC1456N 

MLM239AP 

LM239AN 

/xA748CP 

/iA748CN 

MC1456CU 

MC1456FE 

MLM239L 

LM239F 

mA748DC 

/iA748CF 

MC1456P1 

MC1456N 

MLM239P 

LM239N 

mA748DM 

/xA748F 

MC1456U 

MC1456FE 

MLM258P1 

LM258N 

;iA748MJ 

/xA748F 

MC1458CL 

MC1458F 

MLM258U 

LM258FE 

;tA748TC 

;iA748CN 

MC1458CP1 

MC1458N 

MLM301AP1 

LM301AN 

/iA796HC 

MC1496H 

MC1458CU 

MC1458FE 

MLM301AU 

LM301AFE 

/4A0802DC-1 

MC1408-8F 

MC1458JG 

MC1458FE 

MLM311L 

LM311F 

/.A0802DC-2 

MC1408-7F 

MC1458P 

MC1458N 

MLM311P1 

LM311N 

/4A0802DC-3 

MC1408-6F 

MC1458P1 

MC1458N 

MLM311U 

LM311FE 

;tA0802DM-1 

MC1508-8F 

MC1458SL 

NE5535F 

MLM324L 

LM324F 

/4A0802PC-1 

MC1408-8N 
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ANALOG CROSS REFERENCE GUIDE 


PART NUMBER CROSS REFERENCES (Continued) 


TYPE TO BE 

SIGNETICS 

TYPE TO BE 

SIGNETICS 

TYPE TO BE 

SIGNETICS 

REPLACED 

REPLACEMENT 

REPLACED 

REPLACEMENT 

REPLACED 

REPLACEMENT 

/iA0802PC-2 

MC1408-7N 

SN72311J 

LM311F 

733CJ 

mA733CN 

/iA0802PC-3 

MC1408-6N 

SN72311P 

LM311N 

747BL 

mA747F 

/tA1458TC 

MC1458N 

SN72555L 

NE555H 

747CJ 

mA747CN 

iiiA2901PC 

LM2901N 

SN72555P 

NE555N 

747CL 

/iA747CF 

/tA2902PC 

SA534N 

SN72558P 

MC1458N 

748BL 

mA748F 

NE555JG 

NE555FE 

SN72723N 

mA723CN 

748CL 

^A748CF 

NE556L 

NE555H 

SN72733J 

hA733CF 

1458CP 

MC1458N 

NE555P 

NE555N 

SN72733N 

mA733CN 

1458P 

MC1458N 

NE592G 

NE592H 

SN72741P 

MA741CN 

2740CE 

|iA740CH 

NE592L 

NE592F 

SN72747J 

MA747CF 

9665DC 

ULN2001F 

RC723D 

,4A723CF 

SN72747N 

^A747CN 

0665PC 

ULN2001N 

RC733D 

/4A733CF 

SN72748J 

^A748CF 

^A3089N 

CA3089N 

RC741DN 

iuA741CN 

SN72748P 

f<A748CN 

^A3089 

CA3089N 

RC747D 

mA747CF 

SN72771N 

MC1456N 

|iA760HM 

NE527H 

RC1458DN 

MC1458N 

SN75188J 

MC1488F 

liAieODC 

NE527N 

RC1488DC 

MC1488F 

SN75188N 

MC1488N 

liA7898JC 

NE532N 

RC1489ADC 

MC1489AF 

SN75189AT 

MC1489AF 

liAJAOHM 

NE536H 

RC1489DC 

MC1489F 

SN75189AN 

MC1489AN 

^A556PC 

NE556N 

SE555JG 

SE555FE 

SN75189J 

MC1489F 

^A0801 

DAC-08N 

SE555L 

SE555H 

SN75189N 

MC1489N 

/iA0801A 

D AC-08 AN 

SE592G 

SE592H 

TBB0748B 

MA748CN 

/iA758PC 

/iA758N 

SE592L 

SE592F 

TBB1458B 

MC1458N 

^4A739PC 

LM387N 

SFC2301ADC 

LM301AN 

TDB0555 

NE555H 

^A739PC 

LM382N 

SFC2741DC 

p(A741CN 

TDB0555B 

NE555N 

^A796PC 

MC1496N 

SFC2741EC 

mA741CN 

TDB0556A 

NE556N 

^A760HC 

NE529N 

SFC2741EM 

mA741 N 

TDB0723A 

MA723CN 

SN7512L 

/iA733CH 

SFC2748DC 

mA748CN 

TDC0555 

SE555H 

SN7512N 

^A733N 

SN52555L 

SE555H 

ULN2001A 

ULN2001N 

SN76689N 

CA3089N 

SN52723J 

fiA723F 

ULN2003A 

ULN2003N 

ULN2210A 

^A758N 

SN52733J 

mA733F 

ULN2004A 

ULN2004N 

ULN2244 

/iA758N 

SN52747J 

mA747F 

556CJ 

NE556CN 

^A740HC 

ixATAOCH 

SN52748J 

/^A748F 

723CT 

MA723CN 



SN72301AP 

LM301AN 

723CL 

MA723CF 
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QUALITY, RELIABILITY AND ASSURANCE 


QUALITY AND RELIABILITY 

Quality and reliability are two important 
measures of a product’s merit. Quality is a 
measure of an integrated circuit’s confor¬ 
mance to agreed-upon criteria at a given 
time, while Reliability is a measure of the 
circuit’s ability to continue to conform over a 
period of time. The Signetics SUPR II Pro¬ 
gram has been designed to upgrade the ba¬ 
sic product quality through the use of more 
rigorous screening criteria at the critical 
process steps. These additional screens 
constitute the Level A portion of the Pro¬ 
gram. A burn-in option is available for those 
users requiring enhanced reliability perfor¬ 
mance, and this option Is designated as 
Level 13. 

Quality 

The quality of an integrated circuit is ap¬ 
praised by the user based on the ability of 
the circuit to meet the specified electrical 
criteria and external visual appearance. The 
SUPR II Program focuses on supplying to the 
user a product that has a high probability of 
meeting the user’s needs through the sam¬ 
pling plans defined in MIL-STD-105D and the 
quality levels (AQL’s) stated in Table II. 
Many of the inspection methods at critical 
process steps are now based on MIL-STD- 
883 criteria in order to build, rather than 
test, quality Into the product. 

Reliability 

System performance over a period of time is 
the user’s measure of an integrated circuit’s 
reliability. The SUPR II Program improves 
system reliability by building quality into the 
product via additional manufacturing inspec¬ 
tions and the offering of a burn-in screen. In 
addition to the SUPR II Program, Signetics 
performs periodic reliability testing via the 
SUREIII/883A Program to assure continuing 
uniformity and long-term reliability of all 
product lines. This data base is available 
upon request as is the ten-year reliability 
summary, Signetics Product Reliability Re¬ 
port, R-363. 

How Do Integrated Circuit 
Failures Occur? 

Results from the Signetics Failure Analysis 
Lab over a three-year period on product re¬ 
turned from board checkout, system 
checkout, field usage and accelerated life 
testing are graphically presented in Figure 
1. Under typical system operating condi¬ 
tions, random manufacturing defects, as 
outlined in Table 1, are the primary cause of 
true device failure. Also shown in Table 1 
are the process controls that have been 
added via the SUPR II Program to minimize 
these defects prior to shipment to the cus¬ 


tomer. The device failure models are cate¬ 
gorized as: 

Half of the devices analyzed were found to 
be electrically good. They are attributed to 
being “false pulls” that occur during normal 
troubleshooting at the board and system 
levels. 

Devices damaged by electrical over-stress 
account for 25% of the failures. Typical 
causes for electrical over-stress are incor¬ 
rect board Insertion, board shorts between 
device pins, power supply transients, and 
poor handling techniques. 

The remaining 25% were verified to be true 
failures which occurred as a result of an in- 
process manufacturing defect or test es¬ 
cape. 

SIGNETICS SUPR II LEVEL A 
Improved Quality Benefits 

From the user’s point of view, improved inte¬ 
grated circuit quality from the supplier 
means a lower cost of ownership. This cost 
saving can be effected through the reduc¬ 
tion or elimination of involved incoming in¬ 
spection testing, reduced PC board rework, 
simplified system checkout, reduced in-line 
inventories, and less complicated part 
tracking by Purchasing Management. 

The SUPR II Program is Corporate in scope 
and covers Logic (Standard TTL, Schottky 
TTL, Low Power Schottky TTL, ECL, 8T In¬ 
terface), Analog (industrial. Consumer, In¬ 
terface), Bipolar Memories (RAM’s, ROM’s, 
PROM’s), and MOS Memories (RAM’s, 
ROM’s, Shift Registers), All package op¬ 
tions are also available. 

The SUPR II flow is detailed in Figure 5, in¬ 
cluding the test methods and Quality accep¬ 
tance levels (Table 2 provides the 
electrical/mechanical finished product 
AQL’s). Highlights of the flow are visual in¬ 



spections, thermal shock preconditioning, 
hermeticity, and burn-in, all based on MIL- 
STD-883 criteria. 

A good example of the savings which can be 
achieved by purchasing tighter inspection 
levels is given in Figure 2. Here we are com¬ 
paring the various levels of inspection 
(AQL’s) available for device functionality 
and its impact on the number of PC boards 
which must be reworked during system man¬ 
ufacturing. Using the standard commercial 
AQL in functionality of 1.0%, at 120 integrat¬ 
ed circuit packages per board, typically 
more than 90% of boards will require rework. 
At 0.15% AQL, rework is reduced to 25%, 
and at 0.1%, typically only 12% rework is 
required. 

SIGNETICS SUPR II LEVEL B 
Infant Mortality Failures 

Failure rates are most severe during the first 
few months of operating life. This is known 
as the “infant mortality” phase. A system 


FAILURE 

MECHANISMS 

CAUSES 

SUPR II 

CONTROL 

Die 

Fabrication 

Related 

Metalization 

Oxide Defects 
Mechanical 
Scratches 
Contamination 

SEM Monitor 

Visual 

Stabilization Bake 

Burn-In 

Assembly 

Related 

Bonding, Wire, 
Package and 

Seal Defects 

Preseal Visual 

Thermal Shock 

Stabilization Bake 

Hermeticity 

Hot-Rail Testing 

Test 

Related 

Test Escapes 

Tightened AQL Guarantees 

High Temperature 

Testing 


Table 1 
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RELATIVE FAILURE RATE VERSUS TIME 



Figure 3 



manufacturer has various options to solve 
problems arising from infant failures. He can 
ship his system to the end customer and 
repair field failures as they occur. He can 
operate the system in-house for this period 
and repair failures. Or he can purchase de¬ 
vices which have already been precon¬ 
ditioned to eliminate the early failures. Each 
customer must choose the most cost-effec¬ 
tive method for his particular business. A 
considerable number of the reliabilty de¬ 
fects which cause early failures are elimi¬ 


nated by the manufacturing control and pre¬ 
conditioning steps of SUPR II Level A 
processing. More persistent defects can be 
removed by the use of “burn-in” techniques. 
The “burn-in” processing of SUPR II Level B 
effectively allows the system manufacturer 
to ship his equipment at Point 3 on the fail¬ 
ure rate curve in Figure 3. 


Burn-In Conditions 

MIL-STD-883A, Method 1015 describes a 
number of different conditions for integrated 
circuit burn-in. For SUPR II Level B, 
Signetics has selected Condition F. This Is 
the accelerated burn-in method derived from 
MIL-STD-883A, utilizing a high temperature 
reversed bias condition. This bias scheme is 
preferred for infant mortality screening, 
while operating conditions are generally uti¬ 
lized for internal reliability programs orient¬ 
ed toward generating MTBF data for the 
system designer. 

Integrated Burn-In Flow 

Signetics SUPR II Level B burn-in is per¬ 
formed to provide reliability assurance 
equivalent to a 168-hour/125°C screen. 
This process has been integrated into the 
standard manufacturing flow to provide the 
customer with the most cost effective 
screen and significantly reduced delivery 
times. 



ANALOG AQL GUARANTEES 

Standard 

SUPR IIA/B 

HOT OPENS 

100°C 

0.015 

0.015 

DC PARAMETRIC/FUNCTIONAL 

25 “C 

0.25 

0.10 

DC PARAMETRIC/FUNCTIONAL 

MIN./MAX. 
RATED TEMP. 
(Combined) 

0.40 

0.25 

AC PARAMETRIC 

25 "C 

0.40 

0.40 

MECHANICAL 

MAJOR/MINOR 

(Combined) 

0.40 

0.40 

SEAL TESTS 

(CERAMIC/METAL CANS ONLY) 

FINE LEAK 
5x8“ ®cc/s 
GROSS LEAK 
(Combined) 

0.40 

0.40 


NOTE 


1. To insure AQL levels tighter than 0.65% on D.C. parameters usually requires continual correlation of test equip¬ 
ment between customer and vendor to avoid test interpretation problems. If the objective is to reduce system 
rework costs, functional operation of a device (does it switch or toggle in the system) is often more critical than the 
absolute value of a parameter. For this reason SUPR II focuses on tightened AQLs on functionality. 


Table 2 SUPR li AQL GUARANTEE 


2-2 


Signetics 







ANALOG DIVISION 


MARCH 1982 


QUALITY, RELIABILITY AND ASSURANCE 


BURN-IN FLOW 

ASSEMBLY 

The flow from SEM control through 
package seal is common to Levels A 
and B. 

V 

TEST 

The pre-burn-in electrical screen is 
designed to remove assembly rejects 
and increase equipment efficiency. 

O 

BURN-IN 

The 24-hour/155®C accelerated 
burn-in is well controlled to provide 
maximum screening effectiveness 
without damaging good devices. 

<> 

TEST 

The post-burn-in electrical is a 100% 
production DC/function electrical 
test. 

Figure 4 


Marking Format 

Product processed to the SUPR II manufac¬ 
turing flow can be identified by an SA for 
Level A, and an SB for the Level B burn-in 
option. 





NE5534N XXXX 

BA 


NE5534N XXXX 

SB 



SUPR II SUPR II 

LEVEL A LEVEL B 

NOTE 

Marking for Level A in process of being implemented. 


Figure 5 shows the generalized process 
flow for all Signetics integrated circuits pur¬ 
chased to the SUPR II program. Each prod¬ 
uct group (Analog, Bipolar Memory, Logic, 
and MOS) may follow slightly different pro¬ 
cedures dictated by the specific device 
characteristics. 


SUPR II PROCESS FLOW 




SCANNING ELECTRON MICROSCOPE CONTROL (SEM) 

Wafers are sampled dally by the Quality Control Laboratory from each 
fabrication area and subjected to SEM analysis. This process control 
reveals manufacturing defects such as contact and oxide step coverage 
in the metalization process which may result in early failures. 


DIE SORT VISUAL ACCEPTANCE 

Criteria based on MIL-STD-883, Method 2010, Condition B, are employed 
to detect defects caused during fabrication, wafer testing, or the me¬ 
chanical scribe and break operation. Critical defects such as scratches, 
smears, and glassivated bonding pads are inspected to a 1% AQL. Lot 
acceptance tor noncritical defects is to a 4% AQL. 


PRE-SEAL VISUAL ACCEPTANCE 

Criteria based on MIL-STD-883, Method 2010, Condition B, are employed 
to detect any damage incurred at the die attach and wire bonding sta¬ 
tions. Critical defects such as scratches, contamination and smeared 
ball bonds are inspected to a 0,65% AQL. Lot acceptance is to 2.5°o 
AQL. 


STABILIZATION BAKE PRECONDITIONING 

Plastic molded devices are baked to stress wire and die bonds and help 
eliminate marginal devices. It also ensures an optimum plastic seal to 
enhance moisture resistance. 


THERMAL SHOCK PRECONDITIONING 

MIL-STD-883, Method 1011, Conditio. A. Devices are cycled from cold 
to hot temperatures imposing a very severe stress which weakens loose 
bonds and package seals without degrading good devices. A loosened 
bond is later detected during high temperature "HOT-RAIL" testing. This 
preconditioning is especially effective in eliminating intermittent or 
"HOT-OPENS ' problems in plastic devices. 


SEAL TESTS 

Package seal integrity is ensured by 100% gross leak testing per MIL- 
STD-883, Method 1014, Condition C and fine leak sampling per Condi¬ 
tion A or B. 


BURN-IN (LEVEL B OPTION) 

Devices are burned in for the equivalent of 168 hours at 125‘’C in accor¬ 
dance with MIL-STD-883A, Method 1015, Condition F. 


100% PRODUCTION ELECTRICAL TESTING 

Every device is tested for functional and DC parameters at 25°C, room 
ambient. 



HOT RAIL, HIGH TEMPERATURE TESTING 

All plastic devices are subjected to testing at 100°C. In plastic devices 
this eliminates "HOT-OPENS" and shorts resulting from temperature sen¬ 
sitive intermittent bonds. In addition, logic circuits are tested lOO^o to a 
functional pattern that simulates usage in a system environment. 


QA GUARANTEES 

A final QA inspection step guarantees the mechanical and electrical 
AQL's of Table II. Every shipment is sealed and identified by OA person¬ 
nel. 


Figure 5 
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SURE III/883B 
RELIABILITY PROGRAM 
Definiiion 

Signetics Is recognized as a manufacturer of 
reliable integrated circuts. Signetics real¬ 
ized long ago the need for a comprehensive 
reliability program to provide timely data re¬ 
presentative of the entire Signetics product 
line. Thus the establishment of a Systematic 
and Uniform Reliability Evaluation program, 
known as SURE, which provides this data In 
a manner unique to the industry. Further¬ 
more, this program is provided at no cost to 
customers. 


The SURE Program is a Signetics in-house 
Qualification Test Program which has been 
in existence since 1963. The SURE Program 
is designed to monitor the continuing uni¬ 
formity of all Signetics products and to dem¬ 
onstrate via periodic qualifications that 
Signetics products meet or exceed the strin¬ 
gent long-term reliability requirements of 
their intended applications. 

The SURE Program is reviewed and modi¬ 
fied annually to incorporate appropriate 
changes in military microelectronic test pro¬ 
grams, products and demonstrated product 
capabilities, and market requirements. The 


1978 SUREIII/883B Reliability Program con¬ 
tains minor changes to the 1975 SURE 
II/883A Program, most significant of which 
is the inclusion of recent changes in military 
microelectronic test programs (i.e., inclu¬ 
sion of MIL-SD-883B, Method 5005.4 and 
MIL-M-38510D). The SURE III/883B Pro¬ 
gram continues to incorporate additional en¬ 
vironmental tests to fulfill the need for spe¬ 
cial reliability assurance of plastic products. 
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Ta 

Ambient temperature range. Range of the surrounding environment 
of the operating device. 

Tj 

Junction Temperature. The maximum temperature of the device. 
150®C is standard for silicon devices. 

TsTG 

storage temperature range. Temperature range that the device can 
be stored in a non-operating condition. 

TSOLD 

Soldering Temperature. The temperature which can be applied to 
the lead frame of the device for short periods of time (normally 
specified for a duration of 10 sec). 

Absolute Maximum Rating 

Operating safe zones exceeding these limits could cause perma¬ 
nent damage to the device and are not meant to imply that devices 
can operate at these limits. 

Power Dissipation 

The power that the device can safely handle at 25®C. The dissipa¬ 
tion must be derated as indicated for the individual package type. 

Package Type Designation 

See full package designations in Appendix. 

Vcc (-Vcc) 

Supply Voltage. The range of power supply voltage over which the 
device will operate safely. 

Bandwidth 

The frequency at which the gain is down 3dB from its dc value, it’s 
measured in sample (track) mode with a small-signal sine wave that 
doesn’t exceed the slew rate limit. 

Average Input Offset Current Temperature Coefficient (TCIqs) 
The change in input offset current divided by the change to ambient 
temperature producing it. 

Average Input Offset Voltage Temperature Coefficient (TCVqs) 
The change in input offset voltage divided by the change in ambient 
temperature producing it. 

Common Mode Input Resistance 

The resistance looking into both inputs, with inputs tied together. 

Common Mode Rejection Ratio (CMRR) 

The ratio of the change of input offset voltage to the input common 
mode voltage change producing it. 

Full Power Bandwidth 

The maximum frequency at which the full sinewave output might be 
obtained. 

Input Bias Current (Ib) 

The average of the two input currents at zero output voltage. In 
some cases, the input current is measured for either input indepen¬ 
dently. 

Input Capacitance 

The capacitance looking into either input terminal with the other 
grounded. 

input Current 

The current into an input terminal. 


Input Noise Voltage 

The square root of the mean square narrow-band noise voltage 
referred to the input. 

Input Offset Current 

The difference in the currents into the two input terminals with the 
output at zero volts. 

Input Offset Voltage 

That voltage which must be applied between the input terminals to 
obtain zero output voltage. The input offset voltage may also be 
defined for the case where two equal resistances are inserted in 
series with the input leads. 

Input Resistance 

The resistance looking into either input terminal with the other 
grounded. 

Input Voltage Range 

The range of voltages on the input terminals for which the amplifier 
operates within specifications. In some cases, the input offset 
specifications apply over the input voltage range. 

Large-Signal Voltage Gain 

The ratio of the maximum output voltage swing to the change in 
input voltage required to drive the output to this voltage. 

Output Resistance 

The resistance seen looking into the output terminal with the output 
at null. This parameter is defined only under small signal conditions 
at frequencies above a few hundred cycles to eliminate the influ¬ 
ence of drift and thermal feedback. 

Output Short-Circuit Current 

The maximum output current available from the amplifier with the 
output shorted to ground or to either supply. 

Output Voltage Swing 

The peak output swing, referred to zero, that can be obtained. 

Power Consumption 

The dc power required to operate the amplifier with the output at 
zero and with the output at zero and with no load current. 

Power Supply Rejection Ratio 

The ratio of the change in input offset voltage to the change in 
supply voltages producing it. 

Rise Time 

The time required for an output voltage step to change from 10% to 
90% of Its final value. 

Siew Rate 

The maximum rate of change of output voltage under large signal 
condition. 

Supply Current 

The current required from the power supply to operate the amplifier 
with no load and the output at zero. 

Temperature Stability of Voltage Gain 

The maximum variation of the voltage gain over the specified tem¬ 
perature range. 

NOTE 

Refer to Section 3 of the 1979 Analog Applications Manual for an in depth explanation of 
Operational Amplifiers and their applications 
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HIGH PERFORMANCE JFET INPUT OP AMPS 


LF355/356 


DESCRIPTION 

The LF355 and LF356 operational amplifiers 
employ well matched, high voltage JFET 
input structures on the same monolithic 
chip as bipolar devices. These amplifiers 
feature low input bias and offset currents, 
low offset voltage and offset voltage drift, 
coupled with offset adjust which does not 
degrade drift or common mode rejection. 
The devices are also designed for high slew 
rate, wide bandwidth, extremely fast settling 
time and low noise. 


ABSOLUTE MAXIMUM RATINGS 


COMMON FEATURES 

(TYPICAL) 

• Low input bias current 50pA 

• Low input offset current 10pA 

• High input impedance 10i2n 

• Low input offset voltage 3mV 

• Low Vos temperature drift 5)uV/°C 

• Low input noise current 0.01 pA//Hz 

APPLICATIONS 

• Precision high speed integrators 

• Fast A/D, D/A converters 

• High impedance buffers 

• Wideband, low noise, low drift amplifier 


PIN CONFIGURATION 



PARAMETER 

RATING 

UNIT 

Supply voltage 

±18 


Power dissipation 

500 


Operating temperature range 

0 to ±70 


Tj (Max) 

100 


Input voltage range"! 

±20 

V 

Output short circuit duration 

Continuous 


Storage temperature range 

-65 to ±150 


Lead temperature (soldering 10 sec.) 

300 



NOTE 

1. Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative 
power supply voltage. 


EQUIVALENT SCHEMATIC 


(7) 
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HIGH PERFORMANCE JFET INPUT OP AMPS LF356/356 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LF355/356 

UNIT 

Min 

Typ 

Max 

Vos 

Input offset voltage 

Rs = 50n 


3 

10 

mV 






13 

mV 

AVos/AT 

Avg. TC of input offset 

Rs = 50n 


5 


juV/°C 


voltage 






ATC/ a Vos 

Change in average TC2 

Rs = 50n 


0.5 


/uV/°C 


with Vos adjust 





per mV 

I os 

Input offset currentTS 

Tj = 25°C 


3 

50 

pA 



Tj < Thigh 



2 

nA 

Ib 

Input bias currenti-3 

Tj = 25°C 


30 

200 

pA 



Tj < Thigh 


_ 

8 

nA 

Rin 

Input resistance 

Tj = 25°C 


Hi 

HHjl 


Avol 

Large signal voltage gain 

Vs = ± 15V 


HsiIH 





Vo = ± 10V, Rl = 2ka 







Over temp. 

Hi 

Hi 



Vo 

Output voltage swing 

Vs = ±15V, RL=10ka 




V 



Vs = ± 15V, RL = 2ka 


H^H 


V 

VcM 

Input common mode 


HilHI 

KBEWI 


V 


Voltage range 

Vs = ± 15V 


HI 


V 




HlHi 


HiiHi 

V 

CMRR 

Common-mode rejection ratio 


HSiHi 



dB 

PSRR 

Supply volt. rej. ration 


80 

100 


dB 


NOTES 

1. These specifications apply for Vs=±15V andO° C<Ta< +70‘’C. Vos. laand losare 

measured at VcM= 0. 

2. The Temperature Coefficient of the adjusted input offset voltage changes only a small 
amount (O-S^V/^C typically) for each mV of adjustment from its original unadjusted 
value. Common mode rejection and open loop voltage gain are also unaffected by 
offset adjustment. 


3. The input bias currents are junction leakage currents which approximately double for 
every 10°C increase in the junction temperature, Tj. Due to limited production test 
time, the input bias currents measured are correlated to junction temperature. In 
normal operation the junction temperature rises above the ambient temperature as a 
result of internal power dissipation, Pd. Tj = Ta + 0jA Pd where e\i\ is the thermal 
resistance from junction to ambient. Use of a heat sink is recommended if input bias 
current is to be kept to a minimum. 

4. Supply Voltage Rejection is measured for both supply magnitudes increasing or 
decreasing simultaneously, in accordance with common practice. 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ±15V unless otherwise specified. 


PARAMETER 

LF355 

LF356 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Supply current 


2 

4 


5 

10 

mA 
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HIGH PERFORMANCE JFET INPUT OP AMPS 


MARCH 1982 


LF355/356 


AC ELECTRICAL CHARACTERISTICS Ta = 25®C, Vs = ± 15V unless otherwise specifiedJ 


PARAMETER 


TEST 

CONDITIONS 


LF355 


Min Typ 


SR 

Slew rate 

GBW Gain bandwidth 
product 

ts Settling timet 

to 0.01% 

6n 

Equiv. input 
noise volt. 

in 

Equiv. input 
noise current 

C|N 

Input capacitance 


LF356 










































VOLTAGE GAIN (dB) 


ANALOG DIVISION 


MARCH 1982 


HIGH PERFORMANCE JFET INPUT OP AMPS 


LF355/356 


TYPICAL AC PERFORMANCE CHARACTERISTICS (Cont d) 

LF356 LARGE SIGNAL INVERTER SETTLING TIME 

PULSE RESPONSE, Av =+1 


INVERTER SETTLING TIME 
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OUTPUT IMPEDANCE ( O ) p_p OUTPUT VOLTAGE SWING (V) 


ANALOG DIVISION 


MARCH 1982 


HIGH PERFORMANCE JFET INPUT OP AMPS 

LF355/356 

TYPICAL AC PERFORMANCE CHARACTERISTICS (Cont d) 



UNDISTORTED OUTPUT EQUIVALENT INPUT NOISE VOLTAGE EQUIVALENT INPUT NOISE 

VOLTAGE SWING VOLTAGE (EXPANDED SCALE) 



FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz) 


OUTPUT IMPEDANCE OUTPUT IMPEDANCE SETTLING TIME TEST CIRCUIT 



as unity gain inverter, 

• FET used to isolate the probe capacitance 

• Output = 10V step 


LARGE SIGNAL INVERTER OUTPUT, Vq^^ (FROM SETTLING TIME CIRCUIT) 
LF355 LF356 
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HIGH PERFORMANCE JFET INPUT OP AMPS 


LF355/356 


TYPICAL DC PERFORMANCE CHARACTERISTICS 


INPUT BIAS CURRENT INPUT BIAS CURRENT 

INPUT BIAS CURRENT 


riiilllSISRRSl 

ms^wA 

i BUBMl 


CASE TEMPERATURE (°C) 

CASE TEMPERATURE f C) 

COMMON-MODE VOLTAGE (V) 

VOLTAGE SWING 

SUPPLY CURRENT 

SUPPLY CURRENT 


SUPPLY VOLTAGE ( ±V) 


SUPPLY VOLTAGE ( ±V) 


SUPPLY VOLTAGE (±V) 


NEGATIVE CURRENT LIMIT 


HHri 


POSITIVE CURRENT LIMIT 


POSITIVE COMMON-MODE INPUT 
VOLTAGE LIMIT 


-55°C>T. > +125°C 
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HIGH PERFORMANCE JFET INPUT OP AMPS 


LF355/356 


TYPICAL DC PERFORMANCE CHARACTERISTICS (Cont d) 
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HIGH PERFORMANCE JFET INPUT OP AMPS 


LF355/356 


APPLICATIONS 

The LF355 and LF356 are op amps with 
JFET input devices. These JFETs have large 
reverse breakdown voltages from gate to 
source and drain eliminating the need for 
clamps across the inputs. Therefore large 
differential input voltages can easily be 
accommodated without a large increase in 
input current. The maximum differential 
input voltage is independent of the supply 
voltages. However, neither of the input vol¬ 
tages should be allowed to exceed the nega¬ 
tive supply as this will cause large currents 
to flow which can result in a destroyed unit. 
Exceeding the negative common-mode lim¬ 
it on either input will cause a reversal of the 
phase to the output and force the amplifier 
output to the corresponding high or low 
state. Exceeding the negative common¬ 
mode limit on both inputs will force the 
amplifier output to a high state. In neither 
case does a latch occur since raising the 
input back within the common-mode range 
again puts the input stage and thus the 
amplifier in a normal operating mode. 

Exceeding the positive common-mode limit 
on a single input will not change the phase 
of the output; however, if both inputs ex¬ 


TYPICAL CrRCUIT CONNECTIONS 


Vqs adjustment 



V- 


• Vos is adjusted with a 25k potentiometer 

• The potentiometer wiper is connected to V+ 

• For potentiometers with temperature 
coefficient of lOOppm/^C or iess the 
additional drift with adjust is “ 0.5/nV/ 
"C/mV of adjustment 

• Typical overall drift: 5/uV/®C ± (0.5 /kV/ 
°C/mV of adj.) 


ceed the limit, the output of the amplifier will 
be forced to a high state. 

These amplifiers will operate with the 
common-mode input voltage equal to the 
positive supply. In fact, the common-mode 
voltage can exceed the positive supply by 
approximately lOOmV independent of sup¬ 
ply voltage and over the full operating 
temperature range. The positive supply can 
therefore be used as a reference on an input 
as, for example, in a supply current monitor 
and/or limiter. 

Precautions should be taken to ensure that 
the power supply for the integrated circuit 
never becomes reversed In polarity or that 
the unit is not inadvertently installed back¬ 
wards in a socket as an unlimited current 
surge through the resulting forward diode 
within the 1C could cause fusing of the 
internal conductors and result in a de¬ 
stroyed unit. 

Because these amplifiers are JFET rather 
than MOSFET input op amps they do not 
require special handling. 

All of the bias currents in these amplifiers 
are set by FET current sources. The drain 
currents for the amplifiers are therefore 


DRIVING CAPACITIVE LOADS 


5k 



Due to a unique output stage design these amplifiers 
have the ability to drive large capacitive loads and still 
maintain stability. Cl max < O.OI/iF- 
Overshoot < 20% 

Setting time (ts) S S/us 


essentially independent of supply voltage. 

As with most amplifiers, care should be 
taken with lead dress, component place¬ 
ment and supply decoupling in order to 
ensure stability. For example, resistors from 
the output to an input should be placed with 
the body close to the input to minimize 
“pickup” and maximize the frequency of the 
feedback pole by minimizing the capaci¬ 
tance from the input to ground. 

A feedback pole is created when the feed¬ 
back around any amplifier is resistive. The 
parallel resistance and capacitance from 
the input of the device (usually the inverting 
input) to ac ground set the frequency of the 
pole. In many instances the frequency of 
this pole is much greater than the expected 
3dB frequency of the closed loop gain and 
consequently there is negligible effect on 
stability margin. However, if the feedback 
pole is less than approximately six times the 
expected 3dB frequency a lead capacitor 
should be placed from the output to the 
input of the op amp. The value of the added 
capacitor should be such that the RC time 
constant of this capacitor and the resistance 
it parallels is greater than or equal to the 
original feedback pole time constant. 


TYPICAL APPLICATIONS 


WIDE BW LOW NOISE, 
LOW DRIFT AMPLIFIER 


C2 



27r/p 


• Parasitic input capacitance Cl s Opp for LF355 and 
LF356, plus any additional layout capacitance) 
interacts with feedback elements and creates un¬ 
desirable high frequency pole. To compensate add 
C2 such that; R2C2 s R1C1. 
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HIGH PERFORMANCE JFET INPUT OP AMPS 

LF355/356 

TYPICAL APPLICATIONS (Cent d) 



HIGH IMPEDANCE, LOW DRIFT 
INSTRUMENTATION AMPLIFIER 



R3 r2R2 


System Vos adjusted via A2 Vos adjust 
Trim R3 to boost up CMRR to 120dB. 


ij AV, V- 


- +2V < ViN Common-Mode < V+ 


HIGH Q NOTCH FILTER 



• 2R1=R=10Mn 
2C = C1 = 300pF 

• Capacitors should be matched to obtain high Q 

• fNOTCH = 120Hz, notch = 55dB, Q > 180 

• Use LF355 for 
A Low Ib 

A Low supply current 


HIGH ACCURACY SAMPLE AND HOLD 


R1 

51k 



• By closing the loop through A2 the VouT accuracy will be determined uniquely by 
A1. No Vos adjust required for A2, 

• Ta can be estimated by same considerations as previously but, because of the 
added on propagation delay in the feedback loop (A2) the overshoot is not 
negligible. 

• Overall system slower than fast sample and hold. 

• R1, Cc: additional compensation 

• Use LF356 for 

A Fast settling time 
A Low Vos 


FAST LOGARITHMIC CONVERTER 


Rr 

50k 



2k 


r R2nkT r 1 1 

IVout 1= 1 + ~ — In Vi --- = log Vi- 

L R Jq LyREFRjJ ^ 'RjlR 

R2 = 15.71, Ri = Ik, 0.3%°C (for temperature compensation) 

• Dynamic range: lOO^A < Ij < 1mA (5 decades, |Vo| = IV/decades) 

• Transient response: 3/us for A, = decades 

• Cl, C2, R2, R3: added dynamic compensation 

• Vos adjust the LF356 to minimize quiescent error 

• Rt: Tel Labs type Q81 + 0.3%/° C. 
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GENERAL PURPOSE SINGLE SUPPLY OP AMP LM124/224/324/SA534 


DESCRIPTION 

The LM124/SA534 series consists of four 
independent, high gain, internally frequen¬ 
cy compensated operational amplifiers de¬ 
signed specifically to operate from a single 
power supply over a wide range of volt¬ 
ages. 

UNIQUE FEATURES 

In the linear mode the input common-mode 
voltage range includes ground and the out¬ 
put voltage can also swing to ground, even 
though operated from only a single power 
supply voltage. 

The unity gain cross frequency is tempera¬ 
ture compensated. 

The input bias current is also temperature 
compensated. 


FEATURES 

• Internally frequency compensated for 
unity gain 

• Large dc voltage gain~(100dB) 

• Wide bandwidth (unity gain)—1 MHz 
(temperature compensated) 

• Wide power supply range 

Single supply—(3Vdc to 30Vdc) or 
dual supplies-(±1.5Vdc to ±15Vdc) 

• Very low supply current drain— 
essentially independent of supply volt¬ 
age (ImW/op amp at +5Vdc) 

• Low input biasing current—(45nAdc 
temperature compensated) 

• Low input offset voltage—(2mVdc) and 
offset current—(SnAdc) 

• Differential input voltage range equal to 
the power supply voltage 

• Large output voltage—(OVdc to V+— 
1.5Vdc swing) 

• LM124 Mil std 883A,B,C available ^ 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

V+ Supply voltage 

32 or ±16 

Vdc 

Differential input voltage 

32 

Vdc 

Input voltage 

-0.3 to ±32 

Vdc 

Power dissipationi 



N package 

570 

mW 

F package 

900 

mW 

Output short-circuit to GND 



1 amplifier2 

Continuous 


V-f- < 15Vdc and Ta = 25°C 



Input current (Vin < -0.3V)3 

50 

mA 

Operating temperature range 



LM324 

0 to ±70 

°C 

LM224 

-25 to ±85 

°C 

SA534 

-40 to ±85 

°C 

LM124 

-55 to ±125 

°C 

Storage temperature range 

-65 to ±150 

°C 

Lead temperature (soldering, 10sec) 

300 

°C 


NOTES 


1. For operating at high temperatures, all devices must be derated based on a +125°C 
maximum junction temperature and a thermal resistance of 175°C/W which applies 
for the device soldered in a printed circuit board, operating in a still air ambient. 
LM 124/224 can be derated based on a +150° C maximum junction temperature. 

2. Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current is approximately 40mA independent of the 
magnitude of V+. At values of supply voltage in excess of +15Vdc continuous short- 
circuits can exceed the power dissipation ratings and cause eventual destruction. 

3. The direction of the input current is out of the 1C due to the PNP input stage. This 
current is essentially constant, independent of the state of the output, so no loading 
change exists on the input lines. 


PIN CONFIGURATION 


D,F,N PACKAGE 

OUTPUT 1 \T 

SV8 

'in OUTPUT 4 

-INPUT 1 [T 


'13] -INPUT 4 

+ INPUT1 {T 


I 2 ] + INPUT 4 

v+ [T 


Til OND 




-INPUT 2 [T 


T] -INPUTS 

OUTPUT 2 [T 


Tj OUTPUT 3 


TOP VIEW 


ORDER NUMBERS 

LM124N 

LM224N 

LM324N 

LM124F 

LM224F 

LM324F 

SA534N 

SA534F 

LM324D 
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GENERAL PURPOSE SINGLE SUPPLY OP AMP LM124/224/324/SA534 


DC ELECTRICAL CHARACTERISTICS V+ = 5V, T/^ = 25®C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LM124/LM224 

LM324/SA534 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Offset voltage^ 

Rs = Ofl 


±2 

±5 


±2 

±7 

mV 



Rs = OQ, over temp. 



±7 



±9 

mV 

Vos 

Drift 

Rs = 012 


7 



7 


mV/°C 

■bias 

Input current^ 

I|N(-»-) or I|n(-) 


45 

150 


45 

250 

nA 



■|n(+) or I|n(~). over temp. 


40 

300 


40 

500 

nA 

■os 

Offset current 

■|N(+) - ■lN<“) 


±3 

±30 


±5 

±50 

nA 



■|N(+) - ■lN<~). over temp. 



±100 



±150 

nA 

■os 

Drift 



10 



10 


o 

o 

< 

Q. 

VCM 

Common mode voltage 

V+ = 30V 

0 


V+-1.5 

0 


V+-1.5 

V 


ranged 

V+ = 30V, over temp. 

0 


V+-2 

0 


V+-2 

V 

CmRR 

Common mode rejection 
ratio 


70 

85 


65 

70 


dB 

VOUT 

Output voltage swing 

Rl = 2kl2. V+ = +30V, 

26 



26 



V 



over temp. 








VOH 

Rl 10kl2, over temp. 

27 

28 


27 

28 


V 

VoL 

Rl 10kl2, V+ = 5V, over temp. 


5 

20 


5 

20 

mV 

■cc 

Supply current 

Rl = oo, Vcc = 30V, over temp. 


1.5 

3 


1.5 

3 

mA 



Rl = 00 , on all op amps, ! 


0.7 

1.2 


0.7 

1.2 




over temp. j 








avol 

Large signal voltage gain 

V+ = +15V (for large Vq swing). 

50 

100 


25 

100 


V/mV 



Rl > 2kl2 










V+ = +16V (for large Vq swing), | 

25 



15 



V/mV 



Rl ^ 2kl2, over temp. 









Amplifier-to-amplifier 

f = 1kHz to 20kHz, 


-120 



-120 


dB 


coupling^ 

input referred 








PSRR 

Rs :< 012 

65 

100 


65 

100 


dB 


Output current 

Source 

V|N+ = +1Vdc. V|N- = OVdc, 

20 

40 


20 

40 


mA 



V+ = 15Vdc 










V|N+ = +1Vdc, V|N+ = OVdc, 

10 

20 


10 

20 


mA 



V+ = 16Vdc, over temp. 









Sink 

V|N- = +1Vdc, V|N+ = OVdc, 

10 

20 


10 

20 


mA 



V+ = 15Vdc 










V|N- = +1Vdc, V|N+ = OVdc, 

5 

8 


5 

8 


mA 



V+ = 15Vdc, over temp. 
V|N+ = OVdc, V|N- = +1Vdc. 

12 

50 


12 

50 


mA 



Vo = 200mV 








■sc 

Short circuit currenH 



40 

60 


40 

60 

mA 

Differential input voltage^ 




V+ 



V+ 

V 


NOTES 


1. Vo = 1.4Vdc, Rs = Oft with V+ from 5V to 30V and over full input common mode range 
(OVdc+ to V+ -1.5V). 

2. The direction of the input current is out of the IC due to the pnp input stage. This 
current is essentially constant, independent of the state of the output so no loading 
change exists on the input lines. 

3. The input common-mode voltage or either input signai voltage should not be allowed 
to go negative by more than 0.3V. The upper end of the common-mode voltage range 
is V+ -1.5, but either or both inputs can go to 4-32V without damage. 

4. Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current is approximately 40mA independent of the 


magnitude of V+. At values of supply voltage in excess of +15Vdc continous short- 
circuits can exceed the power dissipation ratings and cause eventual destruction. 
Destructive dissipation can result from simultaneous shorts on all amplifiers. 

5. Due to proximity of external components, insure that coupling is not originating via 
stray capacitance between these external parts. This typicaily can be detected as this 
type of capacitive increases at higher frequencies. 

6. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than 0.3V. The upper end of the common-mode voltage range 
is V+ -1.5V, but either or both inputs can go to +32Vdc without damage. 


Signetics 


3-17 





ANALOG DIVISION 


GENERAL PURPOSE SINGLE SUPPLY OP AMP 


MARCH 1982 


LM124/224/324/SA534 


EQUIVALENT SCHEMATIC 



■ 

m 

RL ^ 20K!1 

_ 




■■ 

■ 

■ 

mm 

■ 


S8M 


0 20 30 40 

SUPPLY VOLTAGE (Vdc) 


lO - OUTPUT SINK CURRENT (mAoc) 


1 10 100 IK 10K 100K 

FREQUENCY (Hz) 
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GENERAL PURPOSE SINGLE SUPPLY OP AMP 

LM124/224/324/SA534 

TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 



LARGE SIGNAL VOLTAGE FOLLOWER INPUT VOLTAGE RANGE 

FREQUENCY RESPONSE PULSE RESPONSE 



INPUT CURRENT COMMON MODE REJECTION VOLTAGE FOLLOWER PULSE 

RATIO RESPONSE (SMALL SIGNAL) 
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DESCRIPTION FEATURES 

The LM301A is a high performance opera- • Short circuit protection 
tional amplifier featuring high gain, short • Offset voltage null capability 
circuit protection, simplified compensation • Large common-mode and differential 
and excellent temperature stability. voltage ranges 

• Low power consumption 

• No latch up 

• LM101, LM101A, LH2101, LH2101A 
Mil std 883A,B,C available 

• LM101A, LH2101A MIL STD-38510 
(JAN) available 

ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

— 

RATING 

UNIT 

Supply Voltage 

LM301A 

±18 

V 

Power dissipation 

500 

mW 

Differential input voltage 

±30 

V 

Input voltagei 

±16 

V 

Output short circuit duration 

Indefinite 


Operating temperature range 

LM301A 

0 to ±70 


Storage temperature range 

-65 to ±150 

oc 

Lead temperature (soldering 60sec) 

300 

°C 


NOTES 

1. For supply voltages less then IISV, the absolute maximum input voltage is equal to the 
supply voltage. 


EQUIVALENT SCHEMATIC 



PIN CONFIGURATIONS 
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HIGH PERFORMANCE AMPLIFIER 


LM301A 


DC ELECTRICAL CHARACTERISTICS < Ta < 70‘’C. ±5V, < Vs < ±15V and Ci = 30pF 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Vos Input Offset Voltage 

Ta = 25®C, Rs<50Kn 


2.0 

7.5 

mV 

los Input Offset Current 

Ta = 25®C 


3 

50 

nA 

Ibias Input Bias Current 

Ta = 25®C 


70 

250 

nA 

los Input Resistance 

Ta = 25'’C 

0.5 

2 


Mn 

Icc Supply Current 

Ta = 25‘’C, Vs = ±15V 


1.8 

3.0 

mA 

Avol Large Signal Voltage 

Gain 

Ta = 25®C. Vs = ±15V 

VouT = ±iov:RL>2kn 

25 

160 


V/mV 

Vos Input Offset Voltage 

Rs < 50kn 



10 

mV 

Vos Average Temperature 

Coefficient of Input Drift 
Offset Voltage 



6.0 

30 

fxvrc 

los Input Offset Current 




70 

nA 

los Average Temperature 
Coefficient of Input 

Offset Current 

25‘’C<Ta<70‘^C 

0‘’C<Ta<25‘’C 


0.01 

0.02 

0.3 

0.6 

nA/°C 

nA/^C 

Ibias Input Bias Current 




300 

nA 

Avol Large Signal Voltage 

Gain 

Vs = ±15V, VouT = ±10V 

Rl > 2 kn 

15 



V/mV 

VouT Output Voltage Swing 

Vs = ±15V, Rl = 10kn 

Rl = 2kn 

±12 

±10 

±14 

±13 


V 

V 

ViN Input Voltage Range 

Vs = ±15V 

±12 



V 

Cmrr Common Mode 

Rejection Ratio 

Rs < 50kn 

70 

90 


dB 

PsRR Supply Voltage 

Rejection Ratio 

Rs < SOkfi 

70 

96 


dB 


•NOTE 

Unless otherwise specified, all specifications for LM301A are ISV < Vs ^ ±15V. 


TYPICAL PERFORMANCE CHARACTERISTICS 
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HIGH PERFORMANCE AMPLIFIER LM301A 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont d) 
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HIGH PERFORMANCE AMPLIFIER 


LM301A 


COMPENSATION CIRCUITS 



SINGLE POLE 
COMPENSATION 



R2 


+V|N O- 

VA 6 

_VA- 

OVoUT 


R1 Cs 

Cl > ftl' + ft2 

Cs = 30pF 



TYPICAL APPLICATIONS 
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OPERATIONAL TRANSCONDUCTANCE AMPLIFIERS LM13600/13600A 


DESCRIPTION 

The LM13600 series consists of two current 
controlled transconductance amplifiers 
each with differential inputs and a push puli 
output. The two amplifiers share common 
supplies but otherwise operate indepen¬ 
dently. Linearizing diodes are provided at 
the inputs to reduce distortion and allow 
higher input levels. The result is a 10 dB 
signal-to-noise improvement referenced to 
0.5 percent THD. Controlled impedance 
buffers are provided which are specifically 
designed to complement the dynamic range 
of the amplifiers. 


FEATURES 

• gm adjustable over 6 decades 

• Excellent gm linearity 

• Excellent matching between amplifiers 

• Linearizing diodes 

• Controlled Impedance buffers 

• High output signal to noise ratio 

• Wide supply range ± 2V to ± 22V. 

APPLICATIONS 

• Current controlled amplifiers 

• Current controlled Impedances 

• Current controlled filters 

• Current controlled oscillators 

• Multiplexers 

• Timers 

• Sample and hold circuits 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 1 

LM 13600 

36 VpQ or ± 18 

V 

LM13600A 

44 Vpc or ±22 

V 

Power dissipation^ T^ = 26®C 

LM13600N, LM13600AN 

670 

mW 

Differential input voltage 

±6 

V 

Diode bias current (Iq) 

2 

mA 

Amplifier bias current (Iabc) 

2 

mA 

Output short circuit duration 

Indefinite 


Buffer output current^ 

20 

mA 

Operating temperature range 

LM13600N, LM13600AN 

0®C to +70 

“C 

DC input voltage 

+Vs to -Vs 


Storage temperature range 

-65®Cto +160 

“C 

Lead temperature (Soldering, 10 Seconds) 

300 



PIN DESCRIPTION 


D,N PACKAGE 

•ABCa [T 


lUlABCb 

Da [T 


Tb] Db 

+INa [T 


ill +INb 

-INa [T 


JU -INb 

VOa [T 


jE VOb 

V-[T 


jT] V+ 

INbUFFER a [T 


“iol inbuffer b 

^©buffer a [T 


HU VObuFFER b 


TOP VIEW 


ORDER NUMBERS 

LM13600N LM13600D 

LM13600AN 


NOTE 

See Signetics NE5517 for typical circuit applications 
information. 


BLOCK DIAGRAM 
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OPERATIONAL TRANSCONDUCTANCE AMPLIFIERS LM13600/13600A 


ELECTRICAL CHARACTERISTICS 


PARAMETER 

TEST CONDITIONS 

LM13600 

LM13600A 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input offset voltage (Vqs) 



0.4 

5 


0.4 

2 

mV 


Over specified temperature range 






5 

mV 


'ABC 6/iA 


0.3 

5 


0.3 

2 

mV 

Vqs including diodes 

Diode Bias Current (Iq) = 500 fiA 


0.5 

5 



2 

mV 

Input offset change 

6 :< IaBC — AtA 


0.1 




3 

mV 

Input offset current 



EB 

Ka 


IS 


fiA 

Input bias current 



EB 

n 

mil 





Over specified temperature range 


EB 

Kl 


IQI 



Forward 

Transconductance (gm) 


6700 

9600 

13000 

7700 

9600 

12000 

/imho 


Over specified temperature range 

5400 



4000 



/imho 

gm tracking 








dB 

Peak output current 

RL “ 0, l/vBC = 


5 


3 

5 

7 

/iA 


RL = 0, IabC ” mA 

350 

500 

650 

350 

500 

650 

/lA 


RL = 0, Over specified temp range 

300 



300 



/tA 

Peak output voltage 




■■■ 





positive 

RL = 00 , 5 /ttA < IaBC — 500 ^A 

+ 12 







negative 

RL - 00 , 5 fxA :< IabC — 5^0 fiA 

-12 





i^isi 

HH 

Supply current 

IabC ~ 500 nA, Both channels 







mA 

Vqs sensitivity 


■nn 

BE 






positive 

AVqs/A V+ 







/iV/V 

negative 

AVos/A V- 




im 



/tV/V 

CMRR 








dB 

Common mode range 


±12 






V 

Crosstalk 

Referred to input5 

20 Hz < f < 20 KHz 



■ 

■ 

IQII 

■ 


Diff. input current 

IABC ” 0, Input = ±4V 


0.02 

100 


0.02 

10 

nA 

Leakage current 

IabC ~ 0 (Refer to test circuit) 


0.2 

100 


0.2 

5 

nA 

Input resistance 


10 

26 


10 

26 


KQ 

Open loop bandwith 



2 



2 


MHz 

Slew rate 

Unity gain compensated 


50 



50 


V//iSec 

Buff, input current 

5 


0.4 

5 


0.4 

5 

/iA 

Peak buffer output voltage 

5 

10 



10 



V 


NOTES 

1. For selections to s supply voltege above ± 22V, contact factory. 

2. For operating at high temperatures, the device must be derated based on a 1S0*’C 
maximum junction temperature and a thermal resistance of 175** 0 /W which applies for 
the device soldered in a printed circuit board, operating in still air. 

3. Buffer output current should be limited so as to not exceed package dissipation. 

4. These specifications apply for V 3 ± 15V, T/^» 25°C, amplifier bias current (Iabc^ ~ 
500mA, pins 2 and 15 open unless otherwise specified. The inputs to the buffers are 
grounded and outputs are open. 

5. These specifications apply for V 3 > ± 15V, I/^bq * 500 mA, RqUT ~ connected 
from the buffer output to —V 3 and the input of the buffer is connected to the 
transconductance amplifier output. 
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HIGH PERFORMANCE OPERATIONAL AMPLIFIER MCI 456/1556 


DESCRIPTION 

The MC1456/1556 is an internally compen¬ 
sated precision monolithic operational am¬ 
plifier featuring extremely low offset and 
bias currents and offset null capability. The 
MC1456/1556 is short circuit protected and 
its high common mode and differential in¬ 
put voltage range provides exceptional per¬ 
formance when used as an integrator, sum¬ 
ming amplifier, and voltage follower. 


FEATURES 

• Low input bias current—15nA maximum 

• Low input offset current—2.0nA maxi¬ 
mum 

• Low input offset voltage-4.0mV maxi¬ 
mum 

• High slew rate—2.5V//us typical 

• Large power bandwidth—40kHz typical 

• Low power consumption—45mW maxi¬ 
mum 

• Offset voltage null capability 

• Output short circuit protection 

• Input over-voltage protection 

• MIL STD-883A,B,C available 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 


Power supply voltage MC1556 

±22 

V 

MCI 456 

±18 

V 

Differential input voltage 

± Vcc 

V 

Common mode input voltage 

± Vcc 

V 

Load current 

20 

mA 

Output short circuit duration 

Continuous 


Power dissipation 

680 

mW 

Derate above Ta = 25°C 

4.6. 

mwrc 

Operating temperature range 

MCI 556 

-55 to +125 

‘’C 

MC1456 

0 to ±70 

°C 

Storage temperature range 

-65 to ±150 

°C 


PIN CONFIGURATION 


N PACKAGE 


FREQ. COMP./ 
OFFSET NULL 
mVERTINQ 
INPUT 
NON-mVERTINQ 
INPUT 

V- 



FREQ. COMP. 
V+ 

OUTPUT 
OFFSET NUa 


ORDER NUMBERS 

MC1456N 

MC1556N 


OFFSET ADJUST CIRCUIT 



EQUIVALENT SCHEMATIC 
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HIGH PERFORMANCE OPERATIONAL AMPLIFIER MCI 456/1556 


DC ELECTRICAL CHARACTERISTICS Ta = 25° C, Vs = ± 15V unless otherwise specified 






MCI 556 



MC1456 

UNIT 


PARAMETER 

TEST CONDITIONS 








Min 

Typ 

Max 

Min 

Typ 

Max 



Vos 

Offset voltage 



2.0 

4.0 


5.0 

10.0 

mVdc 



Over temperature 



6.0 



14.0 

mVdc 

los 

Offset current 



1.0 

2.0 


5.0 

10.0 

nA 



0°C<Ta<70°C 






14 

nA 



25°C <Ta < 125°C 



3.0 




nA 



-55°C <Ta< 25°C 



5.0 




nA 

Ibias 

Input current 



8.0 

15 


15.0 

30.0 

nA 



Over temperature 



30 



40 

nA 

VcM 

Common mode voltage range 


±12 

±13 


±11 

±12 


V 

CMRR Common mode rejection 

Rs<10ka, Ta = 25° C, f = 100Hz 

80 

110 


70 

110 


dB 


ratio 









ZlN 

Common mode input 
impedance 

f = 20Hz 


250 



250 


Mn 

< 

o 

C 

Output voltage swing^ 

Rl = 2kn 

±12 

±13 


±11 

±12 


V 

icc 

Supply current 



1.0 

1.5 


1.3 

3.0 

mA 

Pd 

DC quiescent power 
dissipation (Vo = 0) 



30 

45 


40 

90 

mW 

PSRR 

Supply voltage rejection 
ratio 

Rs <lOkn 


50 

1 

100 


75 

200 

mV/V 


Large signal voltage gain 

Rl < 2kn, VouT = ±10V, Ta = 25° C 

100 

200 


70 

100 1 


V/mV 



Over temperature 

40 


_i 

40 j 

_i 

_i 

V/mV 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ± 15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

MC1556 

MC1456 

UNIT 

Min 

Typ 

Max 

Mih 

Typ 

Max 


Differential input impedance 









Cp 

Parallel input capacitance 

Open loop f = 20Hz 


6.0 



6.0 


pF 

rp 

Parallel input resistance 



5 



3 


Mn 

©n 

Equivalent input noise 

Av = 100, Rs = lOkn, f = 1.0kHz, 









voltage 

BW = 1.0kHz 


45 



45 


nV/^/Hz 

BWp 

Power bandwidth 

Av = 1, Rl = 2kn, THD < 5% 










VoUT = ±10V 


40 



40 


kHz 


Phase margin (open loop, 



70 



70 


degrees 


unity gain) 










Gain margin 



18 



18 


dB 

Sr 

Slew rate (unity gain) 



2.5 



2.5 


V/jusec 

ZOUT 

Output impedance 

f = 20Hz 


1.0 

2.0 


1.0 

2.5 

kn 

BW 

Unity gain crossover 



1.0 



1.0 


MHz 


frequency (open loop) 
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HIGH PERFORMANCE OPERATIONAL AMPLIFIER MCI 456/1556 


TYPICAL PERFORMANCE CHARACTERISTICS _ 

POWER DISSIPATION vs POWER 

POWER SUPPLY VOLTAGE BANDWIDTH 



2 +4 *6 18 *10 *12 M4 t 16 t 18 120 122 1.0 10 100 I.OM 

V+, V- POWER SUPPLY VOLTAGE (VOLTS) f, FREOUENCY (KH^) 


TYPICAL INPUT BIAS CURRENT AND 

INPUT OFFSET CURRENT vs VOLTAGE FOLLOWER 

TEMPERATURE FOR MC1556 PULSE RESPONSE 



Ta, ambient TEMPERATURE (°C) 
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GENERAL PURPOSE OPERATIONAL AMPLIFIER MC/SA1458/MCI 558 


DESCRIPTION 

The MCI458 is a high performance 
operational amplii'ier with high open loop 
gain, internal compensation, high common 
mode range and exceptional temperature 
stability. The MCI458 is short-circuit pro¬ 
tected and allows for nulling of offset vol¬ 
tage. 

The MC1458/SA1458/MC1558 consists of a 
pair of 741 operational amplifiers on a single 
chip. 


ABSOLUTE MAXIMUM RATINGS 


FEATURES 

• Internal frequency compensation 

• Short circuit protection 

• Excellent temperature stability 

• High input voltage range 

• No latch-up 

• 1558/1458 are 2 “op amps” in space of 
one 741 package 

• MCI558 MIL STD-883A,B,C available 


PIN CONFIGURATIONS 



PARAMETER 

RATING 

UNIT 

Supply voltage 



MC1458 

±18 

V 

SA1458 

±18 

V 

MC1558 

±22 

V 

Internal power dissipation 



N package 

500 

mW 

H package^ 

800 

mW 

F,FE package 

1000 

mW 

Differential input voltage 

±30 

V 

Input voltage2 

±15 

V 

Output short-circuit duration 

Continuous 


Operating temperature range 



MC1458 

0 to ±70 

°C 

SA1458 

-40 to ±85 

°C 

MCI 558 

-55 to ±125 


Storage temperature range 

-65 to ±150 

°C 

Lead temperature (soldering 60sec) 

300 

°C 


NOTES 

1. Ratings based on thermal resistances, junction to ambient, of 240°C/W, 

150°C/W, 110°C/W for N, H, F and FE packages respectively, and a maximum 
junction temperature of 150°C. 

2. For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 


EQUIVALENT SCHEMATIC _ 

ONE AMPLIFIER OF MC1458, SA1458, MC1558 
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GENERAL PURPOSE OPERATIONAL AMPLIFIER MC/SA1458/MCI 558 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ±15V, unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

MCI 558 

UNIT 

Min 

Typ 

Max 

Vos 

Offset voltage 

Rs = 10kn 


1.0 

5.0 

mV 



Rs = 10kn, over temp. 



6.0 

mV 

los 

Offset current 



20 

200 

nA 



Over temp. 



500 

nA 

Ibias 

Input bias current 



80 

500 

nA 



Over temp. 



1500 

nA 

VoUT 

Output voltage swing 

Rl = 10kn, over temp. 

±12 

±14 


V 



Rl = 2kn, over temp. 

±10 

±13 


V 

Avol 

Large signal voltage gain 

Rl = 2ka Vo = ± 10 V 

50 

100 


V/mV 



Rl = 2kn, Vo = ±10V, over temp. 

20 



V/mV 


Offset voltage adjustment 



±30 


mV 


range 






PSRR 

Supply voltage rejection ratio 

Rs<10kn 


30 

150 

mV/V 

CMRR 

Common mode rejection ratio 


70 

90 


dB 

Icc 

Supply current 



2.3 

5.0 

mA 

V|N 

Input voltage range 


±12 

±13 


V 

Pd 

Power consumption 



70 

150 

mW 


Channel separation 



120 


dB 

Rout 

Output resistance 



75 


n 

Isc 

Output short-circuit current 



25 


mA 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Ta = 25°C, Vs = ±15V, unless otherwise specified. 


PARAMETER 


MC1458 

SA1458 

UNIT 


Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Offset voltage 

Rs = 10kn 


2.0 

6.0 


2.0 

6.0 

mV 



Rs = lOkn, over temp. 



7.5 



7.5 

mV 

los 

Offset current 



20 

200 


20 

200 

nA 



Over temp. 



300 



500 

nA 

Ibias 

Input bias current 



80 

500 


80 

500 

nA 



Over temp. 



800 



1500 

nA 

VouT 

Output voltage swing 

a 

o 

II 

_i 

tr 

±12 

±14 


±12 

±14 


V 



Rl = 2kn, over temp. 

±10 

±13 


±10 

±13 


V 

Avol 

Large signal voltage gain 

Rl = 2ka Vo = ±10V 

25 

200 


20 

200 


V/mV 



Rl = 2kn, Vo = ±10V, over temp. 

15 



15 



V/mV 

Offset voltage adjustment 
range 



±30 



±30 


mV 

PSRR 

Supply voltage rejection ratio 

Rs < lOkn 


30 

150 


30 

150 

mV/v 

CMRR 

Common mode rejection ratio 


70 

90 


70 

90 


dB 

Icc 

Supply current 



2.3 

5.6 


2.3 

5.6 

mA 

ViN 

Input voltage range 


±12 

±13 


±12 

±13 


V 

Rin 

Input resistance 








Mn 

Pd 

Power consumption 



70 

170 


70 

170 

mW 


Channel separation 



120 



120 


dB 

Isc 

Output short-circuit current 



25 



25 


mA 
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GENERAL PURPOSE OPERATIONAL AMPLIFIER 


MC/SA1458/MCI 558 


AC ELECTRICAL CHARACTERISTICS = 25*0, Vs= ±15V, unless otherwise specified. 


PARAMETER TEST CONDITIONS 


Parallel input resistance 


Common mode input impedance 


Equivalent input noise voltage 


Power bandwidth 


Phase margin 


Gain margin 


Unity gain crossover frequency 


Transient response unity gam 
Rise time 
Overshoot 
Slew rate 



C < 100pF, Rl > 2k, V 


TYPICAL PERFORMANCE CHARACTERISTICS 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
SUPPLY VOLTAGE 


-55“C < Ta < +125»C 
36 - Rl a: 2kn 



10 15 

SUPPLY VOLTAGE- 


INPUT COMMON MODE VOLTAGE 
RANGE AS A FUNCTION OF 
SUPPLY VOLTAGE 


-55*0 :<T 

^<+i25®C 

_ 1 _ 












/ 





y 





/ 

/ 





/ 





/ 













POWER CONSUMPTION 
AS A FUNCTION OF 
SUPPLY VOLTAGE 



I 



SUPPLY VOLTAGE - 


10 15 

SUPPLY VOLTAGE - ±V 


INPUT BIAS CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


INPUT RESISTANCE 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


INPUT OFFSET CURRENT 
AS A FUNCTION OF 
SUPPLY VOLTAGE 











Vs 

S ±15V 



































































— 



_ 





u 











■■ 


-20 20 60 100 140 

TEMPERATURE - »C 


V{ 

= 4 

— 

:15\ 















































































-20 20 60 100 140 

TEMPERATURE - ®C 



10 15 

SUPPLY VOLTAGE - ± 
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GENERAL PURPOSE OPERATIONAL AMPLIFIER MC/SA1458/MCI 558 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


INPUT OFFSET CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


POWER CONSUMPTION 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
LOAD RESISTANCE 



OUTPUT SHORT-CIRCUIT CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


INPUT NOISE VOLTAGE 
AS A FUNCTION OF 
FREQUENCY 


INPUT NOISE CURRENT 
AS A FUNCTION OF 
FREQUENCY 



BROADBAND NOISE FOR 
VARIOUS BANDWIDTHS 


OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF 
FREQUENCY 


OPEN LOOP PHASE RESPONSE 
AS A FUNCTION OF 
FREQUENCY 





1 10 100 IK 10K 100K 1M 10M 


SOURCE RESISTANCE — Q 


FREQUENCY — Hz 


FREQUENCY — Hz 


Signetios 
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GENERAL PURPOSE OPERATIONAL AMPLIFIER 


MC/SA1458/MCI 558 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont d) 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
FREQUENCY 




V 

5 = ±15V 



T/ 

R 

\ = 25‘'C 
L-10kfl . 







t 




\ 




\ 




v 




\ 




\ 







1K 10K 100K 

FREQUENCY - Hz 


COMMON MODE REJECTION 
RATIO AS A FUNCTION OF 
FREQUENCY 



TRANSIENT RESPONSE 


1 10 100 IK 10K 100K 1M 10M 

FREQUENCY - Hz 


Vs= ±15V 
Ta = 25»C 
■ RL = 2kn 
Cl = 100pF 


/ ^ 10 % 
tRISETIMEl— 


0.5 1.0 1.5 2.0 

TIME - S(is 


POWER BANDWIDTH 
(Large Signal Swing vs Frequency) 

















\ 




\ 




\ 

(VOLTAGE FOLLOWER) 

+ 15 VOLT SUPPLIES 

\ 

THD < 5% 

1 1 



100 IK 10K 100K 

FREQUENCY - Hz 
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QUAD LOW POWER OPERATIONAL AMPLIFIERS MC3303/3403/3503 


DESCRIPTION 

The MC3403 is a quad operational amplifier 
with true differential inputs. The device has 
electrical characteristics similar to the pop¬ 
ular /iA741. However, the MC3403 has sev¬ 
eral distinct advantages over standard op¬ 
erational amplifier types in single supply 
applications. The MC3403 can operate at 
supply voltages as low as 3.0V or as high as 
36V. The common mode input range in¬ 
cludes the negative supply, thereby elimi¬ 
nating the necessity for external biasing 
components in many applications. The out¬ 
put voltage range also includes the nega¬ 
tive power supply voltage. 


FEATURES 

• Short circuit protected outputs 

• Ciass AB output stage for minimai cross¬ 
over distortion 

• True differentiai input stage 

• Singie suppiy operation: 3.0 to 36V 

• Spiit suppiy operation: ±1.5 to ±18V 

• Low input bias currents: 500nA max 

• Four ampiifiers per package 

• internaiiy compensated 


ABSOLUTE MAXIMUM RATINGS 



SYMBOL AND PARAMETER 

RATING 

UNIT 

Vcc 

Power supply voltages 

Single supply 

36 

Vdc 

Vcc 

Split supplies 

-h18 

Vdc 

Vee 


-18 

Vdc 

V|DR 

Input differential voltage range^''^ 

±36 

Vdc 

V|CR 

Input common mode voltage range^’'-^) 

±18 

Vdc 

"^stg 

Storage temperature range 

Ceramic package 

-65 to +150 

°C 


Plastic package 

-55 to +125 

X 

Ta 

Operating ambient temperature range 
MC3503 

-55 to +125 

°C 


MC3403 

0 to + 70 

°C 


MC3303 

- 40 to + 85 

X 

Tj 

Junction temperature 

Ceramic package 

175 

X 


Plastic package 

150 

X 


NOTES 

1. Split power supplies. 

2. For supply voltages less than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 


PIN CONFIGURATION 



CIRCUIT SCHEMATIC (1/4 Shown) 



Signetics 
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QUAD LOW POWER OPERATIONAL AMPLIFIERS MC3303/3403/3503 


ELECTRICAL CHARACTERISTICS (Vcc= + 15V, Vee= - 15V for MC3503, MC3403; Vcc= + 14V, Vee= GND for MC3303. 

Ta= 25“C unless otherwise noted) 


SYMBOL AND PARAMETER 

TEST 

CONDITIONS 

MC3503 

MC3403 

MC3303 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

V|o Input offset voltage 

Ta=Thigh to 

— 

2.0 

5.0 

6.0 

— 

2.0 

10 

12 

— 

2.0 

8.0 

10 

mV 

lio Input offset current 

Ta = Thigh to Tlqw 

_ 

10 

50 

200 

_ 

10 

50 

200 

_ 

30 

75 

250 

nA 

Avol Large signal open- 
loop voltage gain 

Vo= ±10V, 
Ri_=2.0kfi 

Ta = Thigh to Tlqw 

50 

25 

200 

300 


20 

15 


H 

20 

15 

200 

H 


liB input bias current 


H 

-30 

-40 

-500 

-1200 

_ 

-30 

-500 

-800 

— 




Zq Output Impedance 

f = 20Hz 

— 

^5 

- 

- 

75 

- 

- 


— 


Zj Input impedance 

f = 20Hz 

0.3 


- 


1.0 

- 

0.3 

1.0 

- 

MQ 

Vqr Output voltage 

range 

RL=10ki2 

RL=2.0ki2 

RL=2.0kf2, 

Ta = Thigh to Tlqw 

±12 

±10 

±10 


■ 


±13.5 

±13 

- 

-1-12 

-1-10 

-f 10 

+ 12.5 
+ 12 

■ 

■ 

V|CR Input common mode 

voltage range 


-H3V 

-Vee 




+ 13.5 V 
-Vee 

— 

-H12V 

-Vee 

+ 12.5V 
-Vee 

— 

V 

CMRR Common mode 
rejection ratio 

Rs<10kfi 

70 


— 


90 

— 

70 

90 

— 

dB 

Icc«Iee Power supply 
current (Vo = 0) 

Rl= 00 

— 


4.0 

, — 

2.5 

7.0 

— 


7.0 

mA 

los± Individual output 

short circuit current^^) 


±10 




±20 

±45 

±10 




PSRR-i- Positive power 

supply rejection ratio 


— 

30 

150 

— 



— 



nm 

PSRR- Negative power 

supply rejection ratio 


— 

mi 


— 



— 

— 

— 

m 

Al|o/AT Average temperature 
coefficient of input 
offset current 

Ta = Thigh to Tlqw 


■jn 

■ 



■ 


50 

■ 


AV|o/AT Average temperature 
coefficient of input 
offset voltage 

Ta = Thigh to Tlqw 



■ 


1 

■ 


10 

■ 


BWp Power bandwidth 

Av=1 , RL=2.0kfi, 
Vo = 20V(p-p) 
THD=5% 



■ 



■ 

■ 

9.0 

■ 



Av=1 , RL=10kt2, 

Vo = 50mV 

— 

1.0 

— 

— 


— 

— 

1.0 

— 

B3 

SR Slew rate 

Av= 1, V|= -10V 
to -I-10V 

— 

0.6 

— 

— 


— 

— 

0.6 

— 

yifis 

tjLH Rise time 

Av= 1, RL=10kf2, 

Vo = 50mV 

— 

0.35 


— 


— 


im 

— 


tjHL Fall time 



0.35 

— 

— 


— 

— 


■ 


OS Overshoot 

Av=1, RL=10kf2 

Vo = 50mV 

— 


— 

— 

20 

— 

— 


— 

H 

4>m Phase margin 

Av=1, RL=2.0ki2, 
Cl=200pF 

— 

50 

— 

— 

50 

— 

— 

50 



— Crossover distortion 

V,N = 30mV(p-p), 
Vout=2.0V(p-p), 
f= 10kHz 


1.0 



1.0 



1.0 


% 


NOTES 

1. Thigh = ■'25 *c for MC3503, 70*C for MC3403, BS'C for MC3303. Tlow= -55"C for MC3503, 0"C for MC3403, -40'C for MC3303. 

2. Not to exceed maximum package power dissipation. 
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MARCH 1982 


QUAD LOW POWER OPERATIONAL AMPLIFIERS MC3303/3403/3503 


ELECTRICAL CHARACTERISTICS (Vco=5.0V, Ve=GND, Ta= 25”C unless otherwise noted.) 


SYMBOL AND PARAMETER 

TEST 

CONDITIONS 

MC3503 

MC3403 

MC3303 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

V|o 

Input offset voltage 


- 

2.0 

5.0 

— 

2.0 

■•0 

- 

— 

10 

mV 

ho 

Input offset current 


- 

30 

50 

— 

30 

50 

— 

— 

75 

nA 

he 

Input bias current 


- 

-200 

-500 


-200 

-500 


— 

-500 

nA 

Avol 

Large signal open- 

RL = 2.0kfi 

10 

200 

— 

10 

200 

— 

10 

200 

— 

V/mV 


loop voltage gain 












PSRR 

Power supply 


— 

— 

150 

— 

— 

150 

— 

— 

150 

liWN 


rejection ratio 












Vqr 

Output voltage 

RL=10kf2, 

3.3 

3.5 1 

— 

3.3 

3.5 

— 

3.3 

3.5 

— 

Vp-p 


range(3) 

Vcc = 5-0V 


i 

1 











Rl= 10kfi, 

B 

> 

< 

o 

— 

8 

> 

o 

o 

> 

— 

< 

o 

o 

o 

o 

> 

— 




5.0V <Vcc^ 30V 

-1.7 

-1.5 


-1.7 

-1.5 


-1.7 

-1.5 



•cc 

Power supply current 


- 

2.5 

4.0 

— 

2.5 

7.0 

- 

2.5 

7.0 

mA 

— 

Channel separation 

f= 1.0kHz to 20kHz 

— 

-120 

— 

— 

-120 

— 

_ 

-120 


dB 



(input referenced) 












NOTE 

3. Output will swing to ground. 


TYPICAL PERFORMANCE CURVES 



Signetics 
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QUAD LOW POWER OPERATIONAL AMPLIFIERS MC3303/3403/3503 


TYPICAL PERFORMANCE CURVES (Continued) 



APPLICATIONS 


VOLTAGE REFERENCE WEIN BRIDGE OSCILLATOR 



HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER COMPARATOR WITH HYSTERESIS 



eo = C(1 + a + b)(e2-e1) 
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QUAD LOW POWER OPERATIONAL AMPLIFIERS 

MC3303/3403/3503 

APPLICATIONS (Continued) 



BI-QUAD FILTER 



FUNCTION GENERATOR 


TRIANGLE WAVE 


MULTIPLE FEEDBACK BANDPASS FILTER 



SQUARE WAVE 
^ OUTPUT 



_ R1 + R^ R2 R1 

4CRfR1 R2+R1 


A(fo) = GAIN AT CENTER FREQUENCY 

CHOOSE VALUE fo, C 
THEN: 

_ 

nfoC 
R3 

"2A(fo) 

R1 R5 


R3 = 


R2 = 


■ 4Q2 R1 - R5 

FOR LESS THAN 10% ERROR FROM OPERATIONAL AMPLIFIER 
< 0.1 WHERE fo AND BW ARE EXPRESSED IN Hz. 

IF SOURCE IMPEDANCE VARIES, FILTER MAY BE PRECEDED WITH 
VOLTAGE FOLLOWER BUFFER TO STABILIZE FILTER PARAMETERS. 
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HIGH SLEW RATE OPERATIONAL AMPLIFIER NE/SE530/5530 


DESCRIPTION 

The 530/5530 are new generation opera¬ 
tional amplifiers featuring high slew rates 
combined with improved input charac¬ 
teristics. Internally compensated, the 
SE530/5530 guarantee slew rates of 25V/)us 
with 2mV maximum offset voltage. Industry 
standard pinout and internal compensation 
allow the user to upgrade system perform¬ 
ance by directly replacing general purpose 
amplifiers such as,the 741,747, 1458, 4558 
and LF356 types. 

ABSOLUTE MAXIMUM RATINGS 


FEATURES 

• Gain bandwidth product—3MHz 

• 35V/jus slew rate (Gain =-1) 

• Internal frequency compensation 

• Low input offset voltage 2mV max 

• Low input bias current-60nA max 

• Short circuit protection 

• Offset null capability 

• Large common mode and differential 
voltage ranges 


PIN CONFIGURATIONS 



PARAMETER 

RATING 


Supply voltage 



SE530/5530 

±22 

V 

NE530/5530 

±18 

V 

Internal power dissipation 



N Package 

500 

mW 

H Package 

800 

mW 

FE Package 

1000 

mW 

Differential input voltage 

±30 

V 

Input voltage 

±15 

V 

Operating temperature range 



SE530/5530 

-55 to ±125 


NE530/5530 

0 to ±70 

"0 

Storage temperature range 

-65 to ±150 


Lead temperature range 

300 

°C 

(Solder, 60sec) 



Output short circuit 

Indefinite 



EQUIVALENT SCHEMATIC EACH AMPLIFIER 
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HIGH SLEW RATE OPERATIONAL AMPLIFIER NE/SE530/5530 


DC ELECTRICAL CHARACTERISTICS Ta = 25®C, Vcc = ±15V unless otherwise specified.i 


PARAMETER 

TEST CONDITIONS 

SE530/5530 

NE530/5530 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input offset voltage 

Rs< 10kn 


0.7 

4.0 


2.0 

6.0 

mV 


Over temperature 



5.0 



7.0 

mV 

Temperature coefficient of 



3 

15 


6 



input offset voltage 









Input offset current 



5 

20 


15 

40 

nA 


Over temperature 



40 



80 

nA 

Input bias current 



45 

80 


65 

150 

nA 


Over temperature 



200 



200 

nA 

Input resistance 


3 

10 


1 

6 


MO 

Input voltage range 


±12 




BSIsI 


V 

Large signal voltage gain 

RL>2kn, Vo = ±10V 






■■■ 

loom 


Over temperature 



■ 

■1 


HI 


Output voltage swing 

Rl > lOkn 







HH 


Rl > 2 ka 



■ 



■ 

H 

Output short circuit current 









Output resistance 








(i 

Supply current 

Each amplifier 





2.0 

1^1 



Over temperature 






■i 


Common mode rejection ratio 










Over temperature 





■1 

mifiif 

■■ 

Power supply rejection ratio 

Rs < 10kn 


30 

150 


30 

150 

iM/M 


Over temperature 









AC ELECTRICAL CHARACTERISTICS Ta = 25®C, Vcc = ±15V unless otherwise soecified. 


PARAMETER 

TEST CONDITIONS 

SE530/5530 

NE530/5530 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Transient Response 









Small signal rise time 



.06 



.06 


i^s 

Small signal overshoot 



13 



13 


% 

Settling time 

TO 0.1% (10V step) 


0.9 



0.9 


MS 

Slew rate 

±15V supply, Vo = ±10V,Rl > 2kn 








Unity gain inverting 


25 

35 


20 

35 


V/ms 

Unity gain non-inverting 


18 

25 


12 

25 


V/ms 

Power bandwidth 

5% THD, Vo = ±10V, 

360 

500 


280 

500 


kHz 


Rl > 2kn 








Small signal bandwidth 

Open loop 


3 



3 


MHz 

Channel separation 






120 


dB 


NOTE 

1. Operating temperature range for the SE530/5530 is -55°C to +125X. 
Operating temperature range for the NE530/5530 is 0°C to +70'’C. 


Signetics 


3-41 















ANALOG DIVISION 
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HIGH SLEW RATE OPERATIONAL AMPLIFIER 

NE/SE530/5530 

TYPICAL PERFORMANCE CHARACTERISTICS 



OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
SUPPLY VOLTAGE 



SUPPLY VOLTAGE (iV) 


INPUT NOISE VOLTAGE 
AS A FUNCTION OF 
FREQUENCY 



FREQUENCY (Hz) 


INPUT BIAS CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 



INPUT COMMON MODE 
VOLTAGE RANGE AS A 
FUNCTION OF SUPPLY VOLTAGE 



SUPPLY VOLTAGE (±V) 


INPUT NOISE CURRENT 
AS A FUNCTION OF 
FREQUENCY 



FREQUENCY (Hz) 


POWER CONSUMPTION 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 
(EACH AMPLIFIER) 


s 



OUTPUT SHORT-CIRCUIT CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 



TEMPERATURE (°C) 


POWER CONSUMPTION 
AS A FUNCTION OF 
SUPPLY VOLTAGE 
(EACH AMPLIFIER) 



SUPPLY VOLTAGE ( ±V) 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
LOAD RESISTANCE 



TEMPERATURE ('C) 


TEMPERATURE ( C) 


LOAD RESISTANCE (kP.) 
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GAIN (dB) 


ANALOG DIVISION 


MAROH 1.982 


HIGH SLEW RATE OPERATIONAL AMPLIFIER 

NE/SE530/5530 

TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 



NE530 OPEN-LOOP GAIN GAIN-BANDWIDTH PRODUCT POWER BANDWIDTH 

AND PHASE vs FREQUENCY AND PHASE MARGIN vs 

LOAD CAPACITANCE 



10 100 IK 10K 100K 1M 10M 10 100 1000 100 IK 10K 100K 1M 

FREQUENCY (Hz) Cl(pF) FREQUENCY (Hz) 


INPUT VOLTAGE STEP vs SLEW RATE—VOLTAGE FOLLOWER SLEW RATE (-1 AMPLIFIER) 

SETTLING TIME TO 10mV 



SETTLING TIME {^s) 


TYPICAL CIRCUIT CONNECTION 
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HIGH SLEW RATE OPERATIONAL AMPLIFIER 


NE/SE530/5530 



VOLTAGE WAVEFORMS 

SMALL SIGNAL TRANSIENT 
RESPONSE DEFINITIONS 


SLEW RATE—VOLTAGE FOLLOWER SLEW RATE—INVERTING AMPLII 
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HIGH SLEW RATE OPERATIONAL AMPLIFIER 


NE/SE531 


DESCRIPTION 

The 531 is a fast slewing high performance 
operational amplifier which retains dc 
performance equal to the best general pur¬ 
pose types while providing far superior 
large signal ac performance. A unique 
input stage design allows the amplifier to 
have a large signal response nearly identical 
to its small signal response. The amplifier is 
compensated for truly negligible overshoot 
with a single capacitor. In applications 
where fast settling and superior large signal 
bandwidths are required, the amplifier out 
performs conventional designs which have 
much better small signal response. Also, 
because the small signal response is not 
extended, no special precautions need be 
taken with circuit board layout to achieve 
stability. The high gain, simple compensa¬ 
tion and excellent stability of this amplifier 
allow its use in a wide variety of instrument¬ 
ation applications. 


EQUIVALENT SCHEMATIC 


FEATURES 

• 35V//Lisec slew rate at unity gain 

• Pin for pin repiacement for juA709, /iA748 
or LM101 

• Compensated with a single capacitor 

• Same low drift offset nuil circuitry as 
mA741 

• Small signal bandwidth 1MHz 

• Large signal bandwidth SOOKHz 

• True op amp dc characteristics make the 
531 the ideal answer to all slew rate lim¬ 
ited operational amplifier appiications. 


PIN CONFIGURATIONS 



INPUT 
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HIGH SLEW RATE OPERATIONAL AMPLIFIER NE/SE531 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

— 

RATING 

UNIT 

Supply voltage 

±22 

V 

Internal power dissipation! 

300 

mW 

Differential input voltage 

±15 

V 

Common mode input voltages 

±15 

V 

Voltage between offset null 



and V- 

±0.5 

V 

Operating temperature range 



NE531 

0 to ±70 


SE531 

-55 to ±125 


Storage temperature range 

-65 to ±150 


Lead temperature 



(soldering, 60 sec) 

300 

°C 

Output short circuit durations 

indefinite 



NOTES 

1. Rating applies for case temperature to 125° C, derate linearly at 6.5mW/° C for ambient 
temperatures above +75° C. 

2. For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

3. Short circuit may be to ground or either supply. Rating applies to +125°C case 
temperature or to +75°C ambient temperature. 


DC ELECTRICAL CHARACTERISTICS Vs = ±15V unless otherwise specified. 





SE531' 

NE531 

UNIT 




Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Offset voltage 

Rs < lOkO, Ta = 25°C 


2.0 

5.0 


2.0 

6.0 

mV 



Rs lOkn, over temp 



6.0 



7.5 

mV 

los 

Offset current 

Ta = 25°C 


30 

200 


50 

200 

nA 



Ta = HIGH 



200 



200 

nA 



Ta = LOW 



500 



300 

nA 

Ibias 

Input current 

Ta = 25°C 


300 

500 


400 

1500 

nA 



Ta = HIGH 



500 



1500 

nA 



Ta = LOW 



1500 



2000 

nA 

VcM 

Common mode voltage range 

Ta = 25° C 

±10 



±10 



V 

CMRR 

Common mode rejection ratio 

Ta = 25°C, Rs< lOkn 




70 

100 


dB 



Over temp Rs < lOkn 

70 

90 





dB 

Rin 

Input resistance 

Ta = 25°C 


20 



20 




Output voltage swing 

Rl> lOkn, over temp 

+10 



EEI 





Supply current 

Ta = 25° C 



7.0 

■mu 

HH 





Tmax 



7.0 






Power consumption 

Ta = 25°C 



210 


mm 


mssH 


Power supply rejection ratio 

Rs < lOkn, Ta = 25°C 




mi 

■■ 

150 

mV/V 



Rs ^ lOkn, over temp 


10 

150 


nm 


mV/V 

Rout 

Output resistance 

Ta = 25° C 


■■ 



mm 


Cl 

Avol 

Large signal voltage gain 

Ta = 25° C, Rl >1 OkaVouT=±1OV 

50 

100 


20 

60 


V/mV 



RL^10kaVouT=±10V, over temp 

25 



15 



V/mV 


NOTE 

1. Temperature range: 

SE531 -56°C<Ta< 125°C 
NE531 0°C<Ta<70°C 
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HIGH SLEW RATE OPERATIONAL AMPLIFIER 


NE/SE531 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ±15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

NE531 

SE531 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Full power bandwidth 



500 



500 


kHz 

Settling time (1%) 

Av = +1, ViN = ±10V 


1.5 



1.5 


/US 

(.01%) 



2.5 



2.5 


MS 

Large signal overshoot 

Av = +1, ViN = ±10V 


2 



2 


% 

Small signal overshoot 

Av = +1, ViN = 400mV 


5 



5 


% 

Small signal risetime 

Av = +1, ViN = 400mV 


300 



B9i 


ns 

Slew rate 

Av = 100 

■jjH 


■■■ 






o 

II 

> 

< 









Av = 1 (noninverting) 









Av = 1 (inverting) 

IHI 





H 



NOTE 

1. All AC testing is performed in the transient response test circuit. 


TEST LOAD CIRCUITS 



TYPICAL PERFORMANCE CHARACTERISTICS (Vs = ±15V, Ta = +25°C, unless otherwise specified.) 


INPUT OFFSET INPUT BIAS CURRENT INPUT BIAS CURRENT AS A 

CURRENT AS A FUNCTION AS A FUNCTION FUNCTION OF SUPPLY VOLTAGE 

OF AMBIENT TEMPERATURE OF AMBIENT TEMPERATURE 





TEMPERATURE — ”C 


TEMPERATURE — °C 


SUPPLY VOLTAGE — ±V 
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MARCH 1982 

HIGH SLEW RATE OPERATIONAL AMPLIFIER 

NE/SE531 

TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 

CLOSED LOOP NON-INVERTING OPEN LOOP PHASE RESPONSE 

VOLTAGE GAIN AS A AND VOLTAGE GAIN AS A 

FUNCTION OF FREQUENCY FUNCTION OF FREQUENCY 

POWER CONSUMPTION AS A 
FUNCTION OF SUPPLY VOLTAGE 


+ 60 
+ 50 
+ 40 
+ 30 
+ 20 
+ 10 
0 

-10 


Av = 1000, Ri = 500, I I T 



Av = 100, Ri = 500n, 
Cc = 2pF 

I I I 


Av = 10, Ri = 5.5K0, Cc = lOpF 


Av = 1,Ri = 00, Cc = 100pF 


0 

15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

165 






Cc = 100pF 



3 AIN 





1 







\ \ 







\ 

V 







\ 




flASE 




V 







13 








v 







3 


V 






V 

\ 












300 

120 



275 

110 




100 



250 

90 

OQ 

■o 

E 

225 

80 

1 

1 

200 

70 

60 

< 

O 

z 

o 

p 

175 


UJ 

D. 


50 

C5 

s 

150 

40 

H 

w 

z 

125 

30 

O 

> 

o 

o 

100 

20 



10 



75 

0 



50 


100K 1M 

FREQUENCY - Hz 


POWER CONSUMPTION 
AS A FUNCTION 
OF AMBIENT TEMPERATURE 


1 10 100 IK 10K 100K 1M 10M 

FREQUENCY - Hz 


OPEN LOOP VOLTAGE GAIN AS A 
FUNCTION OF SUPPLY VOLTAGE 



-20 +20 +60 +100 
TEMPERATURE - »C 


INPUT VOLTAGE RANGE AS A 
FUNCTION OF SUPPLY VOLTAGE 


10 15 

SUPPLY VOLTS - +V 


OUTPUT VOLTAGE SWING AS 
A FUNCTION OF FREQUENCY 


+ 15 

+ 10 







■ 

1 

II 

li 

a 

1 

1 














1 
















■ 


11 







3UT 




■ 






r 

_ 




LI 




1 

■ 

■ 

1 

II 

■ 

■ 




11 





■ 

■ 

1 

II 

■ 

■ 




i 




. 




I 








10 15 

SUPPLY VOLTAGE - 


10K 30K 100K 300K 

FREQUENCY, Hz 


10 15 20 25 

SUPPLY VOLTAGE - ±V 


OUTPUT VOLTAGE SWING AS A 
FUNCTION OF SUPPLY VOLTAGE 


10 15 

SUPPLY VOLTAGE - ±V 


VOLTAGE FOLLOWER 
LARGE SIGNAL RESPONSE 







IN^ 




/ 





.-T 1 

.30pF 



( 



\ 




1 




3 

V 



J 





\ 



w - 








0 500 1000 1500 2000 2500 3000 3500 

TIME — nsec 
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HIGH SLEW RATE OPERATIONAL AMPLIFIER NE/SE531 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 

VOLTAGE FOLLOWER UNITY GAIN INVERTING 

TRANSIENT RESPONSE AMPLIFIER LARGE SIGNAL 

RESPONSE 



TYPICAL APPLICATIONS 

HIGH SPEED INVERTER PULSE RESPONSE 

(10MHz BANDWIDTH) HIGH SPEED INVERTER 


2pF 
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HIGH SLEW RATE OPERATIONAL AMPLIFIER NE/SE531 

TYPICAL APPLICATIONS (Cont d) 

POLE ACTIVE LOW PASS FILTER BUTTERWORTH MAXIMALLY FLAT RESPONSE* 


RESPONSE OF 3-POLE ACTIVE 
BUTTERWORTH 
MAXIMALLY FLAT FILTER 



Simplify 3-Pole Active Filter Design frequency — hz 

A. Paul Brokow 

PRECISION RECTIFIERS 

(a) HALF WAVE (b) FULL WAVE 


10K 1% 
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LOW POWER DUAL OPERATIONAL AMPLIFIERS NE/SA/SE532/LM158/258/358 


DESCRIPTION 

The 532/358 consists of two independent, 
high gain, internally frequency compensat¬ 
ed operational amplifiers designed specifi¬ 
cally to operate from a single power supply 
over a wide range of voltages. Operation 
from dual power supplies is also possible 
and the low power supply current drain is 
independent of the magnitude of the power 
supply voltage. 


FEATURES 

• Internally frequency compensated for 
unity gain 

• Large dc voitage gain—(lOOdB) 

• Wide bandwidth (unity gain)—1 MHz 
(temperature compensated) 

• Wide power suppiy range 

singie suppiy—(3Vdc to 30Vdc) 
or duai suppiies—(±1.5Vdc to 
±15Vdc) 

• Very low supply current drain (400/uA)— 
essentiaiiy independent of suppiy voit¬ 
age (1mW/op amp at +5Vdc) 

• Low input biasing current—(45nA dc 
temperature compensated) 

• Low input offset voitage—(2mVdc) and 
offset current—(5nA dc) 


• Differential input voltage range equal to 
the power supply voltage 

• Large output voltage—(OVdc to V+- 

1.5Vdc swing) 

• SE532 MIL-STD-883A,B,C available 

UNIQUE FEATURES 

In the linear mode the input common-mode 
voltage range includes ground and the out¬ 
put voltage can also swing to ground, even 
though operated from only a single power 
supply voltage. The unity gain cross fre¬ 
quency is temperature compensated. The 
input bias current is also temperature 
compensated. 


ABSOLUTE MAXIMUM RATINGS 


PIN CONFIGURATIONS 


PARAMETER 

RATING 

UNIT 

Supply voltage, V-f 

32 or ±16 

Vdc 

Differential input voltage 

32 

Vdc 

Input voltage 

-0.3 to ±32 

Vdc 

Power dissipationi 


FE package 

900 

mW 

H package 

680 

mW 

N package 

500 

mW 

Output short-circuit to GND5 



V+ < 15 Vdc and Ta = 25°C 

Continuous 


Operating temperature range 



NE532/LM358 

0 to ±70 


LM258 

-25 to ±85 

°C 

SA532N 

^0 to ±85 

“C 

SE532/LM158_ 

-55 to ±125 

°C 

Storage temperature range 

-65 to ±150 i 

°C 

Lead temperature 

300 

°C 

(soldering, lOsec) 




EQUIVALENT CIRCUIT 



FE,N PACKAGE 



ORDER NUMBERS 

LM158N,FE NE523D, N, FE 

LM258N, FE SA532FE, N 

LM358D, N, FE SE532N, FE 


H PACKAGE* 


v+ 



ORDER NUMBERS 

LM158/258/358H 

NE/SE532H 

‘Metal cans (H) not recommended for new designs 
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LOW POWER DUAL OPERATIONAL AMPLIFIERS NE/SA/SE532/LM158/258/358 


DC ELECTRICAL CHARACTERISTICS Ta = 25° C, V+ = +5V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE532,LM158/258 


lom 



WMM. 




Vos Offset voltagei 

Rs<oa 



±5 




HJII 


Rs ^ on, over temp. 



±7 





Vos Drift 

Rs = on, over temp. 


7 



7 



los Offset current 

Iin(+) - IinH 


±3 

±30 


±5 




Over temp. 



±100 





los Drift 



10 



10 



Ibias Input currents 

I(n(+) or Iin(-) 


45 

150 

■■■ 



Hffijjjll 


Over temp., Iin(+) or Iin(-) 


40 

300 

m 


1^2 

imQiii 

VcM Common mode voltage ranges 

V+ = 30V 



V+-1.5 

ra 


V+-1.5 

n 


Over temp., V+ = 30V 



V+-2.0 



V+-2.0 

HI 

CmrrC ommon mode rejection ratio 



85 





10^ 

VouT Output voltage swing (Voh) 

Rl > 2kn, V+ = 30V, over temp 

26 



26 



V 


Rl > 10kn, VH- = 30V, over temp 

27 

28 


27 

28 


V 

VouT Output voltage swing (Vol) 

Rl ^ 10kn, over temp. 


5 

20 


5 

20 

mV 

Ice Supply current 

Rl = «o. v+ = 30V 


1.0 

2.0 


1.0 

2.0 

mA 


Rl = CO on all amplifiers, over temp 


0.5 

1.2 


0.5 

1.2 

mA 

Avol Large signal voltage 

Rl > 2kn, VouT ± 10V, V+ = 15V 

50 

100 


25 

100 


V/mV 

Gain 

(for large Vo swing) Over temp. 

25 



15 



V/mV 

PSRR Supply voltage 

Rs < on 

65 

100 


65 

100 


dB 

rejection ratio 









Amplifier-to-amplifier 

f = 1 kHz to 20kHz (input referred) 


-120 



-120 


dB 

coupling4 









Output current 

ViN+ = +1 Vdc, ViN- = OVdc, 








Source 

V+ = 15Vdc 

20 

40 


20 

40 


mA 


ViN+ = +1 Vdc, ViN- = OVdc, 









V+ = 15Vdc, over temp. 

10 

20 


10 

20 


mA 

Sink 

ViN- = +1 Vdc, ViN+ = OVdc, 









V+ =15Vdc 

10 

20 


10 

20 


mA 


ViN- = +1 Vdc, VinH- = OVdc, 









V+ = 15Vdc, over temp. 

5 

8 


5 

8 


mA 


ViN+ = OV, ViN- = +1 Vdc, Vo = 200mV 

12 

50 


12 

50 


mA 

Isc Short circuit currents 



40 

60 


40 

60 

mA 

Differential input voltages 




V+ 



V+ 

V 


NOTES 


Vo s 1 .4V, Rs = on with V+ from 5V to 30V; and over the full input common-mode 
range (OV to V-l- -1.5V). 

The direction of the input current is out of the IC due to the pnp input stage. This 
current is essentially constant, independent of the state of the output so no loading 
change exists on the input lines. 

The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than 0.3V. The upper end of the common-mode voltage range 
is V+ -1.5V, but either or both inputs can go to +32V without damage. 

Due to proximity of exiernal components, insure that coupling is not originating via 
stray capacitance between these external parts. This typically can be detected as this 
type of capacitance coupling increases at higher frequencies. 


5. Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current is approximately 40mA independent of the 
magnitude of V+. At values of supply voltage in excess of +15Vdc, continuous short- 
circuits can exceed the power dissipation ratings and case eventual destruction. 

6. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than 0.3V. The upper end of the common-mode voltage range 
is V+ -1.5V, but either or both inputs can go to +32Vdc without damage. 

7. For operating at high temperatures, all devices must be derated based on a +125®C 
maximum junction temperature and a thermal resistance of 175®C/W which applies 
for the device soldered in a printed circuit board, operating in a still air ambient. 
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LOW POWER DUAL OPERATIONAL AMPLIFIERS NE/SA/SE532/LM158/258/358 


TYPICAL PERFORMANCE CHARACTERISTICS 
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LOW POWER DUAL OPERATIONAL AMPLIFIERS NE/SA/SE532/LMI58/258/358 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont d) 
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DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIER NE/SA/SE4558 


DESCRIPTION 

The 4658 is a dual operational amplifier 
Internally compensated. The use of planar 
epitaxial process for silicon chip construc¬ 
tion gives the 1C unique performance char¬ 
acteristics. 

Excellent channel separation allows the 
use of a dual device in a single amp applica¬ 
tion, providing the highest packaging 
density. The NE/SA/SE4558 is a pin for pin 
replacement for the RC/RM/RV4558. 


FEATURES 

• 2.5MHz unity gain bandwidth guaranteed 

• Suppiy voitage ± 22V for SE4558 and 
± 18V for NE4558 

• Short circuit protection 

• No frequency compensation required 

• No iatch‘up 

• Large common mode and differentiai 
voltage ranges 

• Low power consumption 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 

SE4558: 

±22 

V 

NE4558, SA4558: 

±18 

V 

Internal power dissipation (Note 1) 

500 

mW 

Differential input voltage 

±30 

V 

Input voltage (Note 2) 

±15 

V 

Storage temperature range 

-65 to -1-150 

“C 

Operating temperature range 

SE4558: 

- 55 to + 125 

"C 

SA4558: 

- 40 to + 85 

"C 

NE4558: 

0 to -F 70 

“C 

Lead temperature (soldering, 60s) 

300 


Output short circuit duration (Note 3) 

Indefinite 



NOTES 

1. Rating applies for case temperatures to + 125 ®C: derate linearly at 5.6 mw/*C for ambient temperatures above +75®C 
for SE4558. 

2. For supply voltages less than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 

3. Short circuit may be to ground on one amp only. Rating applies to +125“C case temperature or + 75“C ambient tem¬ 
perature for NE4558 and to + 85“C ambient temperature for SA4558. 


PIN CONFIGURATION 

D, FE, N PACKAGES 


AouTpr 

—1 

XI 

Ain-|T 

iA jr^ 

XI Bout 

Ain-h FT 


XIBin- 

v-[T 


XI Bin + 


TOP VIEW 


ORDER NUMBERS 

NE4558D SA4558FE 
NE4558FE SE4558FE 
NE4558N SA4558N 


EQUIVALENT SCHEMATIC 
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MARCH 1982 


DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIER NE/SA/SE4558 


ELECTRICAL CHARACTERISTICS Vcc= ± 15V, Ta= 25“C unless otherwise specified 


PARAMETER 

TEST 

CONDITIONS 

SE4558 

NE/SA4558 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input offset voltage 

Rs<10kQ 


1.0 

5.0 


2.0 

6.0 

mV 

Input offset current 



50 

200 


30 

200 

nA 

Input bias current 



40 

500 


200 

500 

nA 

Input resistance 


0.3 

1.0 



1.0 


MD 

Large signal voltage gain 

RL>2Kn 

VouT=±10V 

50,000 

300,000 

■1 

20,000 

300,000 



Output voltage swing 

RL>10kO 

RL>2ki] 

±12 

±10 



m 



V 

Input voltage range 


±12 



BB 

±13 


V 

Common mode rejection ratio 


70 

100 


70 

100 


dB 

Supply voltage rejection ratio 

Rs<10kfl 


10 

150 


10 

150 

/tV/V 

Power consumption (all amplifiers) 

Rl= 00 





100 

170 

mW 

Transient response (unity gain) 

Risetime 

Overshoot 

V,N = 20mV 
RL=2Kn 
Cl<100pF 


100 

15.0 



100 

15.0 



Slew rate (unity gain) 

RL>2kfl 


1.0 



1.0 


V//XS 

Channei separation (gain = 100) 

f= 10kHz 

Rs = 1 kfl 


90 






Unity gain bandwidth (gain = 1) 


2.5 



2.0 

3.0 


IQJQI 


The following specifications apply for - 55 “C<Ta< + 125®C for SE4558; 0®C<T^< -i- 70*0 for NE4558; - 40“C<T^< + 85®C for SA4558 


Input offset voltage 

Rs<10kl2 



6.0 



7.5 

mV 

Input offset current 




500 



300/500* 

nA 

Input bias current 




1500 



800/1500* 

nA 

Large signal voltage gain 

RL>2kn 

VouT=±10V 

25,000 







Output voltage swing 

RL>2kfi 

±10 



±10 



V 

Power consumption 

Vs= ±15V 
Ta=HIGH 
Ta=LOW 


90 

120 



90 

120 

■ 

mW 


*SA4558 
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DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIER NE/SA/SE4558 


TYPICAL PERFORMANCE CURVES 
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CHANNEL SEPARATION (dB) NOISE VOLTAGE (nV /Rz) QUIESCENT CURRENT (mA) 


ANALOG DIVISION 


MARCH 1982 


DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIER 


NE/SA/SE4558 


TYPICAL PERFORMANCE CURVES (Continued) 


QUIESCENT CURRENT AS A 
FUNCTION OF 
SUPPLY VOLTAGE 




3 6 9 12 15 18 

SUPPLY VOLTAGE (V) 


TRANSIENT RESPONSE 


Vs= ±15V 
-Ta = 25»C 
Rl«2KQ 
■Cl = 100pF 


28 




^0 


16 

■vii 


■Ml 


■rii 

4 

0 





.25 .50 .75 1.0 1.25 

TIME (ms) 


VOLTAGE FOLLOWER 
LARGE-SIGNAL PULSE 
RESPONSE 


-Vs= ±15V- 
_Ta = 25‘‘C _ 


0 5 10 20 30 40 

TIME (ms) 


INPUT NOISE VOLTAGE AS A FUNCTION 
OF FREQUENCY 


Si!!!!SBSiSS!l!Si 

iiiiiBiiiiiiiaL 


«l!!!8ailBS 



INPUT NOISE CURRENT AS A FUNCTION 
OF FREQUENCY 



100 IK 

FREQUENCY (Hz) 


100 1K 

FREQUENCY (Hz) 


CHANNEL SEPARATION 


TOTAL HARMONIC DISTORTION vs 
OUTPUT VOLTAGE 


^ —■■■III — 



■“]"T.. 






~T 

Vs= ±'l5V 






/ 

Av = 40dB 






/ 

3D 

-W 

II 

- ^ 

10 






f 




_j 



[ 






_1 









.1^ 




FREQUENCY (Hz) 


2 3 4 5 6 7 8 9 10 

Vo OUTPUT VOLTAGE (VRMS) 


DISTORTION vs FREQUENCY 
Vo = 1vrms 



100 IK 10K 

FREQUENCY (Hz) 
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ANALOG DIVISION 


MAROH 1982 


SINGLE OR DUAL HIGH SLEW RATE OP AMP NE/SE535/5535 


DESCRIPTION 

The 535 and 5535 are new generation opera¬ 
tional amplifiers featuring high slew rates 
combined with improved input characteris¬ 
tics. The 535 is a single device while the 
5535 is a dual configuration. Internally 
compensated for unity gain, the SE535 and 
SE5535 feature a guaranteed unity gain 
slew rate of ^QW/ns with 2mV maximum 
offset voltage. Industry standard pi n out and 
internal compensation allow the user to 
upgrade system performance by directly 
replacing general purpose amplifiers, such 
as 741, 747 and 1558. 


FEATURES 

• 15V/^s unity gain siew rate 

• Internai frequency compensation 

• Low input offset voltage—2mV 

• Low input bias current 80nA max 

• Short circuit protected 

• Offset null capability 

• Large common mode and differential 
voltage ranges 

• Pin compatibility 535 5535 

741 747,1558 

• Configuration Single Dual 


PIN CONFIGURATIONS 



EQUIVALENT SCHEMATIC (One Amplifier) 



Signetics 


3-59 












ANALOG DIVISION 


MARCH 1982 


SINGLE OR DUAL HIGH SLEW RATE OP AMP NE/SE535/5535 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SE535/ 

SE5535 

NE535/ 

NE5535 

UNIT 

Supply voltage 

Internal power dissipationi 

±22 

±18 

V 

N Package 

500 

500 

mW 

H Package 

800 

800 

mW 

F Package 

1000 

1000 

mW 

Differential input voltage 

±30 

±30 

V 

Input voltages 

±15 

±15 

V 

Operating temperature range 

-55 to ±125 

0 to ±70 


Storage temperature range 

-65 to ±150 

-65 to ±150 


Lead temperature (solder, 60sec) 

300 

300 


Output short circuits 

Indefinite 

Indefinite 



NOTES 

1. Rating applies for thermal resistances junction to ambient of 240°C/Wand 150°C/W 
for N and H packages, respectively. Maximum chip temperature is 150°C. 

2. Forsupply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

3. Short circuit may be to ground or either supply. Rating applies to 125°C case 
temperature or 75°C ambient temperature. 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ±15V unless otherwise specified.* 


PARAMETER 

TEST CONDITIONS 

SE535/SE5535 

NE535/NE5535 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input offset voltage 

Rs <lOkO 


0.7 

4.0 


2.0 

6.0 

mV 



Rs < lOkn, over temp. 



5.0 



7.0 

mV 

o 

> 

<1 

Input offset voltage drift 

Rs =0n, over temp. 


4.0 



6.0 


mV/°C 

los 

Input offset current 



5 

20 


15 

40 

nA 



Over temp. 



40 



80 

VnA 

Ib 

Input current 



45 

80 


65 

150 

nA 



Over temp. 



200 



200 

nA 

VCM 

Common mode voltage range 


±12 

±13 


±12 

±13 


V 

CMRR 

Common mode rejection ratio 

Rs < lOkO, over temp. 

70 

90 


70 

90 


dB 

PSRR 

Power supply rejection 

Rs < lOkn, over temp. 


30 

150 


30 

150 

AiV/V 

Rin 

Input resistance 


3 

10 


1 

6 


Ma 

Avol 

Large signal voltage gain 

RL>2kn, VouT = ±10V 

50 

500 


50 

500 


V/mV 



Rl > 2kn, VouT = ±10V, over temp. 

25 



25 



V/mV 

VoUT 

Output voltage 

Rl > 2kn, over temp. 

±10 

±13 


±10 

±13 


V 



Rl > lOka, over temp. 

±12 

±14 


±12 

±14 


V 

Icc 

Supply current 

Per amplifier 


1.8 

2.8 


1.8 

2.8 

mA 



Per amplifier, over temp. 


2 

3.3 


2 


mA 

Pd 

Power dissipation 

Per amplifier 


54 

84 


54 

84 

mW 



Per amplifier, over temp. 


60 

99 


60 


mW 

isc 

Output short circuit current 



25 



25 


mA 

Rout 

Output resistance 



100 


_ 

100 


a 


‘NOTE 

Temperature range 
SE types -55° C < Ta < 125°C 
NE types 0°C <Ta < 70° C 
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SINGLE OR DUAL HIGH SLEW RATE OP AMP NE/SE535/5535 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE535/SE5535 

NE535/NE5535 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Gain/bandwidth product 



1 



1 


MHz 

Transient response 









Small signal rise time 



0.25 



0.25 


MS 

Small signal overshoot 



6 



6 


% 

Settling time 

To 0.1% 


3 



3 


MS 

Slew rate 

Rl ^ lOkn, unity gain, 
non-inverting 

10 

15 


10 

15 


V/mS 


TYPICAL PERFORMANCE CHARACTERISTICS 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
FREQUENCY 


OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF 
FREQUENCY 




OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
SUPPLY VOLTAGE 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
LOAD RESISTANCE 




0.1 0.2 0.5 1.0 2.0 6.0 10 

LOAD RESISTIANCE (kS2) 
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SINGLE OR DUAL HIGH SLEW RATE OP AMP 


NE/SE535/5535 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


OUTPUT SHORT-CIRCUIT CURRENT 
AS A FUNCTION OF 
AMBIENt TEMPERATURE 


INPUT NOISE VOLTAGE 
AS A FUNCTION OF 
FREQUENCY 


INPUT NOISE CURRENT 
AS A FUNCTION OF 
FREQUENCY 




\ 










Vs = ±15V 
Ta = 25°C 



100 

FREQUENCY (Hz) 


BROADBAND NOISE FOR 
VARIOUS BANDWIDTHS 



INPUT COMMON MODE 
VOLTAGE RANGE AS A 
FUNCTION OF SUPPLY VOLTAGE 








-55°C 

Ta +12! 

°c 












> 





















. 

7 ^ 













POWER CONSUMPTION 
AS A FUNCTION OF 
SUPPLY VOLTAGE 



Ik 10k 

SOURCE RESISTANCE (O) 


SUPPLY VOLTAGE (tV) 


SUPPLY VOLTAGE (±V) 


POWER CONSUMPTION 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


INPUT BIAS CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


COMMON MODE REJECTION 
RATIO AS A FUNCTION OF 
FREQUENCY 





TEMPERATURE (°C) 


TEMPERATURE (°C) 


1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 
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SINGLE OR DUAL HIGH SLEW RATE OP AMP 


NE/SE535/5535 


VOLTAGE WAVEFORMS 


TEST CIRCUITS 


SETTLING TIME MEASUREMENT 


SLEW RATE AND SMALL SIGNAL TRANSIENT RESPONSE 




TIME 

r—^ 



SLEW RATE MEASUREMENT 


NOTE 

Pins not shown are not connected. 

All resistors values are typical and in ohms. 



SETTLING TIME 



SLEW RATE 
V(-) TO V(+) 
(MEASUREMENT 
PERIOD) 


SMALL-SIGNAL TRANSIENT 
RESPONSE DEFINITIONS 





‘Match to within 0.01%. 


Pins not shown are not connected. 

All resistors values are typical and in ohms. 
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DUAL HIGH SLEW RATE OP AMPS NE/SE538/5538 


DE$CRIPTION 

The NE/SE538/5538 are new generation 
operational amplifiers featuring high slew 
rates combined with improved input char¬ 
acteristics. Internally compensated for 
gains of 5 or larger, the SE538/5538 offers 
guaranteed minimum slew rates of 40V//iS 
or larger. Featuring 2mV max input offset 
voltage, the 538 is a single amplifier while 
the 5538 is a dual amplifier. Industry stand¬ 
ard pin out and internal compensation ailow 
the user to upgrade system performance by 
directly replacing general purpose amplifi¬ 
ers, such as 748, 101 A, 741, 747 and 1458. 


FEATURES 

• 2mV input offset voltage 

• 80nA max input offset current 

• Short circuit protected 

• Offset null capability 

• Large common mode and differential 
voltage ranges 

• 60V/jus slew rate (gain of +5, -4 min) 

• 6MHz gain bandwidth product 
(gain +5, -4 minimum) 

• Internal frequency compensation 
(gain of +5, -4 minimum) 

• Pin out: 538 same as 741 (single) 

5538 same as 747,1458 (dual) 


PIN CONFIGURATIONS 



ABSOLUTE MAXIMUM RATINGS1.2,3 


PARAMETER 

RATING 

UNIT 

Vcc Supply voltage 



SE military grade 

±22 

V 

NE commercial grade 

±18 

V 

Pd Internal power dissipation 

1000 

mW 

FE package 



Pd Internal power dissipationi 

500 

mW 

N package 



Pd Internal power dissipationi 

800 

mW 

H package 



Differential input voltage 

±30 

V 

Input voltage2 

±15 

V 

Operating temperature range 



SE military grade 

-55 to ±125 

°C 

NE commercial grade 

Oto 70 


Output short circuits 

indefinite 


Storage temperature range 

-65 to ±150 


Lead temperature (solder, 60sec.) 

300 

°C 


NOTES 

1. Rating applies for thermal resistances of 240° C/W and 150°C/W junction to 


ambient for N and H packages. Maximum chip temperature is 150°C. 

2. For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

3. Short circuit may be to ground or either supply. Rating applies to 125°C case 
temperature or 75° C ambient temperature. 
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DUAL HIGH SLEW RATE OP AMPS 


NE/SE538/5538 


EQUIVALENT SCHEMATIC (EACH AMPLIFIER) 



DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ± 15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE538/SE5538 

NE538/NE5538 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input offset voltage 

Rs <10kn 


0.7 

4.0 


2.0 

6.0 

mV 



Rs < 10kn, over temp. 



5.0 



7.0 

mV 

AVos 

Input offset voltage drift 

Rs = on, over temp. 


4.0 



6.0 


fx\/rc 

ios 

Input offset current 



5 

20 


15 

40 

nA 



Over temp. 



40 



80 

nA 

Ib 

Input current 



45 

80 


65 

150 

nA 



Over temp. 



200 



200 

nA 

VCM 

Input common mode voltage range 


±12 

±13 


±12 

±13 


V 

CMRR 

Common mode rejection ratio 

Rs < lOkn, over temp. 

70 

90 


70 

90 


dB 

PSRR 

Power supply rejection 

Rs < 10kn, over temp. 


30 

150 


30 

150 

/uV/V 

Rin 

Input resistance 


3 

10 


1 

6 


Mn 

Avol 

Large signal voltage gain 

RL>2ka VouT = ±10V 

50 

200 


50 

200 


V/mV 



Over temp., 

25 



25 



V/mV 



Rl > 2kn, VouT = ±iov 








VOUT 

Output voltage 

Over temp., Rl ^ 2kn 

±10 

±13 


±10 

±13 


V 



Over temp., Rl ^ 10kn 

±12 

±14 


±12 

±14 


V 

Icc 

Supply current 

Per amplifier 


2 

3 


2 

3 

mA 



Over temp., per amplifier 


2.2 

3.6 


2.2 


mA 

Pd 

Power dissipation 

Per amplifier 


60 

90 


60 

90 

mW 



Over temp., per amplifier 


66 

108 


66 


mW 

isc 

Output short circuit current 



25 



25 


mA 

Rout 

Output resistance 



100 



100 

_1 

n 


NOTE 

Temperature Range 

SE Types -55-0 < Ta < 125°C 
NE Types 0 °C<Ta<70°C 
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DUAL HIGH SLEW RATE OP AMPS 


NE/SE538/5538 


AC ELECTRICAL CHARACTERISTICS Ta = 25®C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE538/SE5538 

SE538/NE5538 


Min 

Typ 

Max 

Min 

Typ 


Gain bandwidth product 





— 


■■■ 

mil 

(Gain +5, -4 minimum) 



6 



6 



Transient response 








19 

Small signal rise time 



0.25 



0.25 



Small signal overshoot 



6 



6 

nnn 


Settling time 

To 0.1% 


1.2 



1.2 

IHH 


Slew rate 

Minimum gain = 5 
Noninverting Rl > 2kn 

40 

60 



60 


V/mS 


TYPICAL PERFORMANCE CHARACTERISTICS 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
FREQUENCY 


OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF 
FREQUENCY 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
SUPPLY VOLTAGE 





Vs = +15V 
.Ta= 25°C. 




Rl= 10KU 












\ 






















100 Ik 10k 100k 1M 

FREQUENCY - Hz 



1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY - Hz 



SUPPLY VQLTAGE-IV 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
LOAD RESISTANCE 


OUTPUT SHORT-CIRCUIT CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


INPUT NOISE VOLTAGE 
AS A FUNCTION OF 
FREQUENCY 



LOAD RESISTANCE - kO 



-60 -20 20 60 100 140 

TEMPERATURE -°C 



FREQUENCY - Hz 
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TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 



INPUT NOISE CURRENT 
AS A FUNCTION OF 
FREQUENCY 


BROADBAND NOISE FOR 
VARIOUS BANDWIDTHS 


INPUT COMMON MODE 
VOLTAGE RANGE AS A 
FUNCTION OF SUPPLY VOLTAGE 









Vs = t15V 
Ta=25»C 



Vs=±15V 

Ta=25X 



lO-IOOkHz 


lO-IOkHz 


10-lkHz 



SOURCE RESISTANCE - II 


SUPPLY VOLTAGE -±V 


POWER CONSUMPTION 
AS A FUNCTION OF 
SUPPLY VOLTAGE 


POWER CONSUMPTION 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


INPUT BIAS CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 





-20 20 60 100 140 

TEMPERATURE - °C 


COMMON MODE REJECTION 
RATIO AS A FUNCTION OF 
FREQUENCY 


SETTLING TIME MEASUREMENT 
WAVEFORMS 


SLEW RATE MEASUREMENT 
VCC = ±20V 



10 100 Ik 10k 100k 1M 

FREQUENCY - Hz 




SLEW RATE 
V(-)TO V( + ) 
(MEASUREMENT 
PERIOD) 


SLEW RATE 
V(+)TO V(-) 
(MEASUREMENT 
PERIOD) 
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TYPICAL PERFORMANCE 
CHARACTERISTICS (Cont d) 



TEST LOAD CIRCUITS 


SLEW RATE AND SMALL SIGNAL 
TRANSIENT RESPONSE TEST CIRCUIT 

2.SK 10k 



NOTE 

Pins not shown are not connected. 

All resistors values are typical and in ohms. 


TEST LOAD CIRCUITS <Cont d) 


SETTLING TIME TEST CIRCUIT 


10k* 



•Match to within 0.01%. 

NOTE 

Pins not shown are not connected. 

All resistors values are typical and in ohms. 
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DESCRIPTION 

The 5512 series of high performance oper¬ 
ational amplifier provides very good input 
characteristics. These amplifiers feature 
low input bias and voltage characteristics 
such as a 108 op amp with improved CMRR 
and a high differential input voltage limit 
achieved through the use of a bias cancella¬ 
tion and PNP input circuits with collector to 
emitter clamping. The output characteristics 
are like those of a 741 op amp with improved 
slew rate and drive capability yet have low 
supply quiescent current. 

APPLICATIONS 

• AC amplifiers 

• RC active filters 

• Transducer amplifiers 

• DC gain block 

• Battery operation 

• Instrumentation amplifiers 

ABSOLUTE MAXIMUM RATINGS 


FEATURES 

• Low input bias < ± 3nA 

• Low input offset current < ± 3nA 

• Low input offset voltage < ImV 

• Low Vqs temperature drift 4 mV/X 

• Low input bias temperature drift 
30pA/®C 

• Low input voltage noise 25nV/\/Hz 

• Low supply current 1.5mA/amp 

• High slew rate 1.0V//us 

• High CMRR lOOdB 

• High input impedance 100MD 

• High PSRR IIOdB 

• High differential input voltage limit 

• No cross-over distortion 

• Indefinite output short circuit 
protection 

• Internally compensated for unity gain 



Parameter 

Rating 

Unit 

Vcc 

Supply Voltage 

±16 

V 

Vd 

Power dissipation 

500 

mW 

Ta 

Operating temperature range 

NE5512 

Oto 70 

®C 


SE5512 

-55 to +125 

“C 

TSTG 

Storage temperature range 

-65 to +150 

“C 

TsOLD 

Lead temperature soldering 

300 

°C 


PIN CONFIGURATIONS 


FE,N PACKAGE 


OUTPUT 2 ^ 
-INPUT 1 [T 
4-INPUT 1 [X 

V- [T 


T] V-l- 
T] OUTPUT 2 
-INPUT 2 
iri -f INPUT 2 


TOP VIEW 

ORDER NUMBERS 

NE/SE5512FE NE/SE5512N 


D PACKAGE 


+ INPUT 1 
V- 

+ INPUT 2 
-INPUT 2 


T] 

J] 

u 


ORDER NUMBER 
NES512D 



OUTPUT 2 
V + 

OUTPUT 1 
-INPUT 1 


EQUIVALENT SCHEMATIC 
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ELECTRICAL PERFORMANCE CHARACTERISTICS Vcc = ± 16V. F.R. = -ss^C to +125‘’C (SE). o^C to +70‘’C (ne) 


PARAMETER 

TEST CONDITIONS 

SE5512 

NE5512 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input offset voltage 

RS =* 100Q 

Ta = +26®C 


0.7 

2 


1 

5 

mV 



Ta = F.R. 


1 

3 


1.5 

6 

•os 

Input offset current 

Rs lOOkQ 

Ta = +26‘»C 


3 

10 


6 

20 

nA 



Ta = F.R. 


4 

20 


8 

30 

•b 

Input bias current 

Rs = lOOkQ 

Ta * +25®C 


3 

10 


6 

20 

nA 



Ta = F.R. 


4 

20 


8 

30 

Rin 

Input resistance 

Differential 

Ta =* 25«C 


100 



100 

■ 


VCM 

Input common 

Ta = 25®c 

±13.6 

±13.7 



±13.7 


H 

mode range 

Ta - F.R. 

±13 

±13.2 



±13.2 





Vcc = ± 15V 






M|||M 


CMRR 

Input common-mode 

V|N = ± 13.6V (RM) 









rejection ratio 

Ta = 26®C 

V|N = ± 13V (F.R.) 

70 

100 


H 

100 

■ 




Ta = F.R. 




■1 




AvOL 

Large-signal 

Rl = 2kfi Ta = 25®c 

50 

200 






GAIN 

voltage gain 

Vo = ± 10 V Ta = F.R. 

25 


WM 


S.R. 

Slew rate 

Ta = 26®c 

0.6 

1 



1 




Small-signal 









GBW 

unity gain 
bandwidth 

Ta * 25®c 


3 



3 


Itl 


Phase margin 

Ta * 25«c 


46 



mm 


EBB 

VOUT 

Output voltage 

Rl * 2k0 





Mi 


m 

swing 

Ta = 25*c 

±13 

±13.5 








Ta = F.R. 

±12.5 

±13 




[m 

mm 

VOUT 

Output voltage 

Rl = 600D* 







■■ 

swing 

Ta = 25®c 

±10 

±11.5 








Ta = F.R. 

±8 

±9 





U 

•cc 

Power supply 

Rl = Open 








current 

Ta = 25‘’C 


3.4 

5 




B 



Ta = F.R. 


3.6 

5.6 




•’SRR 

Power supply 

Ta = 25®c 

80 

110 


80 

110 


1 

rejection ratio 

Ta = F.R. 

80 

100 


80 

100 


AA 

Amplifier to 

f = 1kHz to 20kHz 








amplifier coupling 

Ta = 25*0 


“120 



-120 


dB 



f * 10kHz 



__ 

■■■ 

■1 

^MM 

■■ 

HD 

Total harmonic 

Ta = 26*0 


0.01 







distortion 

Vo = TVrms 





Ml 


■■ 

V|Nn 

Input noise 

f = 1kHz 





■i 


BIMi 

voltage 

Ta = 25*0 


30 


IB 




•inn 

Input noise 

f = 1kHz 






||M||| 

BB 

current 

Ta = 25*0 


.2 



.2 


ISB 


NOTE 

* For operation at elevated temperature, N package must be derated based on a thermal 
resistance of 120”/W junction to ambient. Thermal resistance of the FE package is 
126"/W. 
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BRIDGE TRANSDUCER AMPLIFIER 

In applications involving strain gauges, 
accelerometers and thermal sensors a 
bridge transducer is often used. Frequently 
the sensor elements are high resistance 
units requiring equally high bridge resis¬ 
tance for good sensitivity. This type of cir¬ 
cuit then demands an amplifier with high in¬ 
put impedance, low bias current and low 
drift. The circuit shown represents a possi¬ 
ble solution to these general requirements 
(Figure 1). 

For Vs = 10 volts, the common mode volt¬ 
age is approximately -1-5 volts, well within 
the common mode limits of the NE5512. 

The sensitivity of the input stage is approxi¬ 
mately 
RF • Vs 
2R 

to a change in transducer resistance AR. 
This gives a gain factor of =^50 for Vs = 10V 
and R = 25ki2. The second stage gain is 
X100 giving a total gain of =s=:5000. 

Noise is minimized by shielding the 
transducer leads and taking special care to 
determine a good signal ground. Common 
mode noise rejection is particularly impor¬ 
tant making matched differential impedance 
critical. The NE5612 typically provides 
lOOdB of common mode rejection and will 
considerably reduce this undesirable effect. 

The following are sensitivity figures for the 
transducer circuits. 


^ ^Eput 

leg 1 10fl -2.6V 

512 -1.3V 

leg 2 1012 -1-2.4 

50 -F1.2 


Temperature compensation of the bridge 
element is accomplished by using low drift 
metal film resistors and also by providing a 
complimentary non-active sensor element to 
thermally track the offset in the active 
element. 

High frequency roll-off provides attenuation 
of unwanted noise above the pass band of 
the transducer. The shunt capacitors across 
both stage feedback resistors are for this 
purpose. 

CURRENT TO VOLTAGE 
CONVERTER 

Taking advantage of the very low bias cur¬ 
rent and offset of the NE5512 is demon¬ 
strated in its adaptation to a current to volt¬ 
age converter as shown below (Figure 2). 

The lower limit of measuring accuracy is de¬ 
termined by Iq (inverting) which is typically 
6nA. In order to attain a measurement accu¬ 


NE/SE5512 BRIDGE TRANSDUCER AMPLIFIER 



•NOTE 

Thermal compensation transducer (non-active) 

Figure 1 


NE/SE5512 CURRENT TO VOLTAGE CONVERTER WITH 1% ACCURACY 
[SENSITIVITY: 1 VOLT PER MICROAMP] 


lOOpF(POLYSTYRENE) 



racy of 1% the following inequality must 
hold, 

Ib < ( 01) 'Smin 

Where Ib = input bias current, Ismin “ in'oi- 
mum measured current. For Ib = 6nA and 
ISmin = ImA, 

6nA < (.01) ImA = lOnA 
and the inequality hold. 

DC offset and current noise gain is deter¬ 
mined by 


Rp + Rs 
Rs 

which 1 for Rs > Rf. 

The measured results for this circuit appear 
below (Vqq = ± 15 volts). 


INPUT CURRENT 

OUTPUT VOLTAGE 

IfiA 

1.008 Volts 

5mA 

5.00 Volts 

IO.OOmA 

10.00 Volts 
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NE5512 OPERATIONAL 
DIFFERENTIATOR 

By utilizing the very high input impedance 
characteristic of the NESS 12, an excellent 
active differentiator can be realized. Using 
the circuit shown (Figure 3), good results 
were obtained as shown by the wave forms 
in figures 4, S and 6. One of the primary 
problems with such circuits is the tendency 
toward instability and distortion either due 
to loading caused by input bias currents or 
amplifier non-linearity. In addition, gain in¬ 
creases with frequency requiring low input 
noise in the amplifier. 

The relative stability is shown by the output 
signal wave forms mentioned above. Adding 
provides added compensation in the 
form of a zero near the amplifier unity gain 
frequency. Frequency range is 100Hz to 
10kHz. 

In order to obtain good differentiation, the 
network time constant, RC, must be small 
relative to the period of the highest frequen¬ 
cy present at the input. Since the 
differentiator will attenuate the signal by a 
factor of wRC which may be 100:1 In the 
operating region, the second amplifier stage 
is used to compensate for this loss. Various 
circuits are easily interfaced with the 
differentiator block due to the inherently low 
output impedance of the NESS 12. 



DIFFERENTIATOR WAVEFORMS 


IN 

200mV/cm 

OUT 

500mV/cm 
H = 20M8/in 


Figure 4 


TRIANGLE WAVE 
INPUT 


SQUARE WAVE 
OUTPUT 




Figure 5 
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THE OPERATIONAL INTEGRATOR 

The operational compliment of the active 
differentiator is the active integrator. The 
NESS 12 is easily adapted to this function as 
shown in the circuit below (Figure 7). To 
obtain satisfactory integration the time con< 
stant must fulfill the following requirement: 

RC > 15T 

Where T is the period of the input wave form. 
For the ideal integrator 

®out “ R c f ®in 

The factor 1/RC represents an attenuation 
of the input signal. The low signal level is 
increased by using the second half of the 
NESS 12 as a gain stage following the oper¬ 
ational integration. The wave forms in Fig¬ 
ures 8 and 9 show the input-output relation¬ 
ship for both a sine wave and a square wave 
function. A good integrator must exhibit a 
phase shift of >89** for sine wave input over 
the active frequency range. For a square 
wave the resultant output must be a linear 
ramp. The circuit shown fulfills this require¬ 
ment (see Figure 7). No external compensa¬ 
tion is required since the amplifier is unity 
gain stable. 


INTEGRATOR WAVEFORMS 


DIFFERENTIATOR WAVEFORMS 



SQUARE 

WAVE 

INPUT 


TRIANGLE 

WAVE 

OUTPUT 




Figure 8 


Figure 9 
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DESCRIPTION 

The NE/SE5514 family of Quad Operational 
Amplifiers sets new standards in Bipolar 
Quad Amplifier Performance. The amplifiers 
feature low input bias current and low offset 
voltages. Pin-out is identical to 
LM324/LM348 which facilitates direct 
product substitution for improved system 
performance. Output characteristics are 
similar to a /LtA741 with improved slew and 
drive capability. 


FEATURES 

• Low input bias current: < ± 3nA 

• Low input offset current: < ± 3nA 

• Low input offset voltage: <1mV 

• Low supply current: 1.5mA/Amp 

• 1 VZ/tsec slew rate 

• High input impedance: 100MQ 

• High common mode impedance: 10G0 

• internal compensation for unity gain 

APPLICATIONS 

• AC amplifiers 

• RC active filters 

• Transducer amplifiers 

• DC gain block 

• Instrumentation amplifier 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Vcc 

Supply voltage 

±16 

V 

VdIFF 

Differential input voltage 

32 

V 

V|N 

Input voltage 

Oto 32 

V 


Output short to ground 

Continuous 


TS 

Storage temperature range 

-66 to +150 


Tsold 

Lead soldering temperature 

300 


Ta 

Operating temperature range 




NE5514 

Oto 70 

“C 


SE5514 

-55 to +125 



EQUIVALENT SCHEMATIC 


PIN CONFIGURATION 
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ELECTRICAL CHARACTERISTICS Vcc= ± 15V, f.r. = -55^c to +125®C (SE) o^c to 70°c (ne) 


PARAMETER 

TEST CONDITIONS 

SE5514 

NE5514 

— 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input offset voltage 

RS = 100Q. Ta = +25 «C. 


0.7 

2 


1 

5 

mV 



Ta = F.R. 


1 

3 


1.5 

6 

•os 

Input offset current 

Rs = lOOkfl. Ta = +25®C, 


3 

10 


6 

20 

nA 



Ta = F.R. 


4 

20 


8 

30 

•b 

Input bias current 

Rs = lOOkQ, Ta = +25®c. 


3 

10 


6 

20 

nA 



cd 

LL 

II 

< 

1- 


4 

20 


8 

30 

Rin 

Input resistance differential 

Ta = 25®c 


100 



100 


m 

VCM 

Input common mode range 

Ta = 25®c, Ta = F.R. 

±13.5 

± 13.7 


±13.5 

±13.7 


\/ 




±13.5 

± 13.2 


± 13 

±13.2 



CMRR 

Input common-mode 

Vcc = ± 16 V. 









rejection ratio 

V|N = ± 13.5V (RM), 

Ta = 25®C. 

V|N = ±13V (F.R.), 

70 

100 


70 

100 


dB 



Ta = F.R. 








AVOL 

Large-signal voltage gain 

RL = 2 kQ, Ta = 25®c 

50 

200 


50 



V/mV 

GAIN 


Vc = ± 10V, Ta = F.R. 

25 


25 



S.R. 

Slew rate 

Ta = 25®c 

0.6 

1 


0.6 

1 


V//HS 

GBW 

Small-signal unity 
gain bandwidth 

Ta = 25®c 


3 



3 


MHz 


Phase margin 

Ta = 25®c 


45 



45 


Degr 

VOUT 

Output voltage swing 

RL = 2kl2, Ta = 25®C 

± 13 

± 13.5 


± 13 

± 13.5 


y 



Ta = F.R. 

±12,5 

±13 


± 12.5 

± 13 



VOUT 

Output voltage swing 

rl == eoofi*. Ta = 25®c 

± 10 

±11.5 


± 10 

±11.5 


y 



Ta = F.R. 

±8 



±8 

±9 



•cc 

Power supply current 

Rl = open, Ta = 25®C 


6 

10 


6 

10 

mA 



Ta = F.R. 


7 

12 


7 

12 

PSRR 

Power supply rejection ratio 

Ta = 25®c, Ta = F.R. 

80 

110 


80 

110 


dB 




80 

100 


80 

100 


AA 

Amplifier to amplifier coupling 

f = 1kHz to 20kHz, Ta = 25®C 


-120 



-120 


dB 

HD 

Total harmonic distortion 

f = 10kHz, Ta = 25®C 


0.01 



0.01 


% 



Vo = 7VRMS 







V|NN 

Input-noise voltage 

f = 1kHz, Ta = 25®C 


30 



30 


nV/\/Hz 


NOTE 

*For operation at elevated temperature, N package must be derated based on a thermal 
resistance of 95°C/W junction to ambient. 
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FOUR QUADRANT PHOTO DETECTOR 



Figure 1 


FOUR QUADRANT PHOTO- 
CONDUCTIVE DETECTOR 
AMPLIFIER 

When operating a photo diode in the photo- 
conductive mode (reverse biased) very 
small currents in the micro ampere range 
must be sensed in the photo active operat¬ 
ing region. Dark currents in the nano am¬ 
peres are common. Generally, for this 
reason, J-FET input preamps are used to 
prevent interaction and accuracy degrada¬ 
tion due to input bias currents. 

The 5514 has sufficiently low input bias cur¬ 
rent (6na) to allow its use under these circuit 
constraints as shown in a possible design 
used to sense four quadrant motion of a light 
source. By proper summing of the signals 
from the X and Y axes, four quadrant output 
may be fed to an X-Y plotter, oscilloscope or 
computer for simulation. (See figure 1). 

The wide input common mode voltage range 
of the device allows a +10 volt supply to be 
used to drive the signal bridge giving high 
sensitivity and improved signal to noise. Ob¬ 
viously. input balancing is critical to achiev¬ 
ing common mode signal rejection in addi¬ 
tion to adequate shielding of the sensor 
leads. The sensor head itself must be 
shielded and the shield grounded to signal 
common to avoid unwanted noise pick up 
from power line and other local noise 
sources. Amplifier response may be shaped 
to aid in noise reduction by more complex 
filter configurations. If possible the 5514 
should be located in close proximity to the 
sensor head. 

System balance may be done under dark 
field conditions if adequate photo detector 
tracking results. However, for high accuracy 
systems a bipolar balance adjust added to 
the non-inverting output stage is more desir¬ 
able. With this latter method the signal 
bridge is balanced for a null output under 
uniform light field conditions using the 
bridge balance pot as shown. D.C. offset is 
then adjusted using the balance pot on the 
output amplifier under dark field conditions. 

MULTI-TONE BANDPASS FILTER 
FOR PLL TONE DECODER 

In the design of a multiple tone signaling 
system, particularly where signals are trans¬ 
mitted over long lines, noise and adjacent 
channel interference may be a significant 
barrier to reliable communications. 

By the use of narrow band active pre-filters 
to attain selectivity and gain, the effective 


signal to noise ratio is greatly Improved. The 
NE/SE5514 is easily adapted to such filter 
configurations due to its inherent stability. In 
addition its very high input impedance dras¬ 
tically reduces loading on the passive net¬ 
works and allows for increased “Q” and 
large value resistors. 

The circuit In Figure 2 demonstrates multiple 
feedback filters operating at four of the 
standard signaling frequencies. More chan¬ 
nels may be added to increase the capacity 
of the system. 


Test results obtained from this filter configu¬ 
ration were as follows; 


Wide band signal to noise 

63dB 

Gain (Mid band) 

30dB 

Q (effective) 

» 30 

Output 

OdBM 


(.775v, 


Note that the amplifiers are operated from a 
single +12 volt supply and are biased to half 
Vcc ^ simple resistive divider at point B 
which connects to all non-inverting inputs. 
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4-STATION 0-50° TEMPERATURE 
SENSOR 

By using an NPN transistor as a temperature 
sensing element, the NE5514 forms the ba¬ 
sis for a multi-station temperature sensor as 
shown in Figure 3. The principle used is fun¬ 
damental to the current-voltage relationship 
of a forward biased junction. The current 
flow across the base-emitter junction is de¬ 
termined by absolute temperature in the fol¬ 
lowing way: 

lE = “Oc + Ib) 

and Ig 00 Is exp (Veg/Vj); Vj = "^ 
therefore, Vsg oo Vt In Ig/ls 

Where l^ is the forward current and I 3 is the 
saturation current inherent in the junction, Ig 
must be high enough such that the Is vari¬ 
ation with temperature is small relative to l^ 
Oe >> Is)- Is typically .05 pA, therefore, 
setting l^ to 1 or 2 M gives the desired 
condition. 

Diode Di serves to substantially reduce er¬ 
ror due to power supply variation by giving a 
fixed voltage reference. To calibrate the 
sensor adjust R 4 for “O” volts output from 
the NE5514 at 0®C. Adjust Rs tracking re¬ 
sistor for a scale factor of 100 millivolts per 
®C output. 

Only the transistor need be placed in the 
temperature controlled environment. Figure 
4 shows the addition of an A/D converter 
and display to give a digital thermometer. 


NE/SE5514 

MFB BANDPASS FILTER 
FOR 

MULTI-CHANNEL TONE DECODER 


© 

900Q 

LINE 

—SOdBm 



Figure 2 
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DESCRIPTION 

The NE5517 contains two current controlled 
transconductance amplifiers, each with a 
differential input and push-pull output. The 
NE5517 offers significant design and perfor¬ 
mance advantages over similar devices for 
all types of programmable gain applications. 
Constant impedance buffers are provided 
which effectively eliminate changes in out¬ 
put offset voltage as the amplifier bias cur¬ 
rent is varied. Circuit performance is en¬ 
hanced through the use of linearizing diodes 
at the inputs which enable a 10 dB signal to 
noise improvement referenced to .5 percent 
THD. The NE5517 is suited for a wide variety 
of industrial and consumer applications and 
is recommended as the preferred circuit 
in the Dolby* HX (Headroom Extension) 
system. 

ABSOLUTE MAXIMUM RATINGS 


FEATURES 

• Constant impedance buffers 

• AVqe of buffer is constant with 
ampiifier iBiAS change 

• Pin compatibie with LM13600 

• Exceiient matching between amplifiers 

• Linearizing diodes 

• High output signal-to-noise ratio 

APPLICATIONS 

• Multiplexers 

• Timers 

• Electronic music synthesizers 

• Dolby* HX Systems 

• Current-controlled amplifiers, filters 

• Current-controlled oscillators, 
impedances 

NOTE 

'Dolby is a registered trademark of Dolby Laboratories 
Inc., San Francisco, Calif. 


PARAMETER 

RATING 

UNIT 

Supply Voltage^ 



NE5517 

36 Vp 0 or ± 18 

V 

NE5617A 

44 Vqq or ±22 

V 

Power Dissipation^ T/^ = 25®C 


NE5517N, NE5617AN 

570 

mW 

Differential Input Voltage 

±5 

V 

Diode Bias Current (Iq) 

2 

mA 

Amplifier Bias Current Oabc) 

2 

mA 

Output Short Circuit Duration 

Indefinite 


Buffer Output Current^ 

20 

mA 

Operating Temperature Range 



NE5517N, NE5517AN 

0 ®C to -f 70 

°C 

DC Input Voltage 

+Vs to -Vs 


Storage Temperature Range 

-65°C to ±150 

°C 

Lead Temperature (Soldering, 10 Seconds) 

300 

°C 


PIN CONFIGURATION 


D,N PACKAGE 

'ABCa [T 


JH lABCb 

Da [T 


iH Db 

+ IN8 [T 


TTl +iNb 

-INa [T 


-INb 

VOa [T 


iU VOb 

v-CT 


m''+ 

INBUFFER a [T 


INBUFFERb 

VObuFFER a [T 


HU VQbUFFER b 


TOP VIEW 


ORDER NUMBERS 

NE5517N NE5517D NE5517AN 


CIRCUIT SCHEMATIC 
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PIN DESIGNATION 


PIN NO. 

SYMBOL 

NAME AND FUNCTION 

1 

•ABCa 

Amplifier bias input A 

2 

Da 

Diode bias A 

3 

+INa 

Non-inverting input A 

4 

-INa 

Inverting input A 

6 

Voa 

Output A 

6 

V~ 

negative supply 

7 

•^Buffer (a) 

Buffer input A 

8 

VoBuffer (a) 

Buffer output A 

9 

VoBuffer (b) 

Buffer output B 

10 

•^Buffer (b) 

Buffer input B 

11 

V+ 

Positive supply 

12 

Vob 

Output B 

13 

-INb 

Inverting input B 

14 

+INb 

Non-inverting input B 

15 

Db 

Diode bias B 

16 

'ABCb 

Amplifier bias input B 


CONNECTION DIAGRAM 


B 

AMP B B B B B 

BIAS DIODE INPUT INPUT B BUFFER BUFFER 

INPUT BIAS (+) (-) OUTPUT V+ INPUT OUTPUT 
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OPERATIONAL TRANSCONDUCTANCE AMPLIFIER NE5517/5517A 


ELECTRICAL CHARACTERISTICS4 


PARAMETER 

TEST CONDITIONS 

NESS17 

NE5517A 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 


Input offset voltage (Vqs) 



0.4 

5 


0.4 

2 

mV 


Over temperature range 






5 

mV 


Iabc 5mA 


0.3 

5 


0.3 

2 

mV 

Vqs including diodes 

Diode bias current (Iq) = SOOfxA 


0.5 



0.5 

2 

mV 

Input offset change 

5(iA < Iabc — soomA 


0.1 



0.1 

3 

mV 

Input offset current 



0.1 

0.6 


0.1 

0.6 

AtA 

Input bias current 



0.4 

5 


0.4 

5 

mA 


Over temperature range 


1 

8 


1 

7 

mA 

Forward 

Transconductance (gm) 


6700 

9600 

13000 

7700 

9600 

12000 

/Limho 


Over temperature range 

5400 



4000 



fjbvnho 

gm tracking 



0.3 



0.3 


dB 

Peak output current 

RL = 0, Iabc = smA 


5 


3 

5 

7 

mA 


RL = 0, Iabc “ sooma 

350 

500 

650 

350 

500 

650 

aA 


RL = 0. 

300 



300 



fiA 

Peak output voltage 









Positive 

RL = oo, 5/itA :< IaBC — 500/iiA 

+ 12 

+ 14.2 


+ 12 

+ 14.2 


V 

Negative 

RL = oo, 5/iiA :< IaBC — 500/iiA 

-12 

-14.4 


-12 

-14.4 


V 

Supply current 

Iabc SOO^A. both channels 


2.6 



2.6 


mA 

Vqs sensitivity 









Positive 

AVOS/AV+ ! 


20 

150 


20 

150 

mV/v 

Negative 

avqs/av- 


20 

150 


20 

150 

mV/V 

CMRR 

1 

80 

110 


80 

110 


dB 

Common mode range 

1 

±12 

±13.5 


±12 

±13.5 


V 

Crosstalk 

Referred to input® 

20Hz < f < 20kHz 


100 



100 


dB 

Diff. input current 

Iabc “ input = ±4V 


0.02 

100 


0.02 

10 

nA 

Leakage current 

Iabc “ O (Refer to test circuit) 


0.2 

100 


0.2 

5 

nA 

Input resistance 


10 

26 


10 

26 


Kfi 

Open loop bandwidth 


i 

2 



2 


MHz 

Slew rate 

Unity gain compensated 


50 



50 


V/|iSec 

Buff, input current 

5 


0.4 

5 


0.4 

5 

mA 

Peak buffer output voltage 1 

5 

10 



10 

1 



V 

A Vbe 0^ buffer 

6 Refer to Buffer test circuit 


0.5 

5 


0.5 

5 

mV 


NOTES 

1. For selections to a supply voltage above ±22V, contact factory. 

2. For operating at high temperatures, the device must be derated based on a 150*^0 
maximum junction temperature and a thermal resistance of 175 ** C / W which applies for 
the device soldered in a printed circuit board, operating in still air. 

3. Buffer output current should be limited so as to not exceed package dissipation. 

4. These specifications apply for Vg “ ± 15V, T/^ = 25‘’C, amplifier bias current (I/^bC^ = 
500iuA, pins 2 and 15 open unless otherwise specified. The inputs to the buffers are 
grounded and outputs are open. 

5. These specifications apply for Vg = ± 15V, ly^gQ = 500/xA, Rqut ~ connected 
from the buffer output to —Vg and the input of the buffer is connected to the 
transconductance amplifier output. 

6. Vg = ±15, Rqut “ connected from Buffer output to -Vg and 5/iA :< l/^gc 
500 mA. 
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NE5517/5517A 

TYPICAL PERFORMANCE CHARACTERISTICS 



INPUT OFFSET VOLTAGE 





INPUT OFFSET CURRENT 



.1/ltA lOjttA lOO^A ^QOOn^ 

AMPLIFIER BIAS CURRENT (lABC) 


PEAK OUTPUT CURRENT 


.^^lA lO^A lOO^iA 1000|uA 

AMPLIFIER BIAS CURRENT (Iabc) 


PEAK OUTPUT VOLTAGE AND 
COMMON MODE RANGE 


21 
5 = 
ii 


-13 

-13.5 

-14 

-14.5 




VOUT 





VCMR 





Vs= ± 15 

' 




RLOAD=a 





TA=25'’C 










■ VCMR 















VOUT 









ljuA IOmA 100/fA 1000/iiA 

AMPLIFIER BIAS CURRENT (IabC) 


INPUT LEAKAGE 


IjUA lOjttA ^00|J.A 1000/uA 

AMPLIFIER BIAS CURRENT (IabC) 


TRANSCONDUCTANCE 



INPUT DIFFERENTIAL VOLTAGE 


.1(iA IjuA IOmA lOOjuA 1000/uA 

AMPLIFIER BIAS CURRENT (Iabc) 


INPUT BIAS CURRENT 



.I^A 1;uA 10/i.A 100 /liA IOOO^A 

AMPLIFIER BIAS CURRENT (Iabc) 


LEAKAGE CURRENT 



-50°C -25°C 0°C 25°C 50°C 75°C 100°C 125°C 

AMBIENT TEMPERATURE (TA) 


INPUT RESISTANCE 



.ImA I^A ^O^lA 100jU,A IOOOmA 

AMPLIFIER BIAS CURRENT (IabC) 
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NE5517/5517A 

typical performance characteristics (Cont’d) 



AMPLIFIER BIAS VOLTAGE vs 
AMPLIFIER BIAS CURRENT 


INPUT AND OUTPUT CAPACITANCE 


DISTORTION vs DIFFERENTIAL 
INPUT VOLTAGE 




ImA IOmA IOOmA 1000;;iA 

AMPLIFIER BIAS CURRENT (IaBC) 


.IfiA 1 mA lOjiA 100 m A 1000^ A 

AMPLIFIER BIAS CURRENT (Iabc) 



DIFFERENTIAL INPUT VOLTAGE (mVpp) 


VOLTAGE vs AMPLIFIER BIAS CURRENT 


OUTPUT NOISE vs FREQUENCY 




ImA 1mA IOmA IOOmA 1000mA 

Iabc amplifier bias current (mA) 


10K 100K 


UNITY GAIN FOLLOWER 
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NE5517/5517A 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont d) 



LEAKAGE CURRENT TEST CIRCUIT DIFFERENTIAL INPUT CURRENT TEST CIRCUIT 



BUFFER Vbe TEST CIRCUIT 


v+ 



V- 
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INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP NE/SE5532/5532A 


DESCRIPTION 

The 5532 is a dual high-performance low 
noise operational amplifier. Compared to 
most of the standard operational amplifiers, 
such as the 1458, it shows better noise per¬ 
formance, improved output drive capability 
and considerably higher small-signal and 
power bandwidths. 

This makes the device especially suitable 
for application in high quality and profes¬ 
sional audio equipment, instrumentation and 
control circuits, and telephone channel am¬ 
plifiers. The op amp is internally compen¬ 
sated for gains equal to one. If very low 
noise is of prime importance, it is recom¬ 
mended that the 5532A version be used 
which has guaranteed noise specifications. 


FEATURES 

• Small-signal bandwidth: 10MHz 

• Output drive capability: 60012, 10V 
(rms) 

• Input noise voltage: 5nV/7Hz 

• DC voltage gain: 50000 

• AC voltage gain: 2200 at 10kHz 

• Power bandwidth: 140kHz 

• Slew-rate: 9V//iS 

• Large supply voltage range: ±3 to 
±20V 


PIN CONFIGURATION 


FE,N PACKAGE 

OUTPUT A [T 




Tl v + 

“n 



INVERTING 
INPUT A L£_ 

1 Ai 



T] OUTPUT B 

NON-INVERTING p-^ 

input a Li- 
V- [T 


1 


INVERTING 
-LI INPUT B 
-n NON-INVERTING 
-LI input B 





TOP VIEW 


ORDER NUMBERS 

NE5532FE, N 


SE5532FE 

NE5532AFE, N 


SE5532AFE 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

__ 

RATING 

UNIT 

Vs 

Supply voltage 

±22 

V 

V|N 

Input voltage 

±V supply 

V 

VdIFF 

Differential input voltage ^ 

±.5 

V 

Ta 

Operating temperature range 

Oto 70 

“C 

TSTG 

Storage temperature 

-65 to -H50 

®C 

Tj 

Junction temperature 

150 

“C 

Pd 

Power dissipation 




5532FE 

1000 

mW 


Lead temperature (soldering, 10 sec) 

300 

®C 


NOTES; 

1. Diodes protect the inputs against over-voltage. Therefore, unless current-limiting resis¬ 
tors are used, large currents will flow if the differential input voltage exceeds 0.6V. 
Maximum current should be limited to ± 10mA. 

2. Thermal resistance of the FE package is 125°C/W. 


EQUIVALENT SCHEMATIC (EACH AMPLIFIER) 
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INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP NE/SE5632/5532A 


DC ELECTRICAL CHARACTERISTICS Ta == 25®C, Vs = ± 16V unless otherwise specified^’ 2 


PARAMETER 

TEST CONDITIONS 

SE5532/5532A 

NE5532/5532A 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 





.6 

2 


.5 

4 

mV 

Vos 

Offset voltage 

Over temperature 



3 



6 

mV 






100 


10 

160 

nA 

•os 

Offset current 

Over temperature 



200 



200 

nA 





200 

400 


200 

800 

nA 


Input current 

Over temperature 



700 



1000 

nA 








8 

16 

mA 

•cc 

Supply current 

Over temperature 



13 




mA 

VCM 

Common mode input range 


±12 

± 13 


± 12 

± 13 


V 

CMRR 

Common mode rejection ratio 


80 

100 


70 

100 


dB 

PSRR 

Power supply rejection ratio 



10 

50 


10 

100 

/iV/V 



Rl > 2kQ Vq = ± 10V 

50 



25 

100 


V/mV 

Avol 

Large signal voltage gain 

Over temperature 

25 



15 



V/mV 



Rl > 600n. Vq = ± 10V 

40 



15 

60 


V/mV 



Over temperature 

20 



10 



V/mV 

VOUT 

Output swing 

Rl > 600Q 




±12 

±13 


V 



Rl > eoofl, Vs = ± 18V 




±16 

±16 


V 



Rl > 2kQ 

± 12 

± 13 


i 

1 

. 


V 

Rin 

input resistance 


30 

300 


30 

300 

i 

kfi 

•sc 

Output short circuit current 



38 



38 


mA 


NOTES 

T. For NE5532. NE5532A. T^^j^ = O'C. T^^g^ = 70°C. 

2. For SE5532/5532A. Ti^jg = -55°C, = +125'’C. 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs ~ ± 15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

NE/SE5532/5532A 

UNIT 

Min 

Typ 

Max 

•^OUT Output resistance 

Av = 30dB Closed loop 
f = 10kHz, Rl = 600fi 


0.3 


12 

Overshoot 

Voltage follower 

Vfisi = lOOmV p-p 

Cl = lOOpF Rl = 60012 


10 


% 

Gain 

f = 10kHz 


2.2 


V/mV 

Gain bandwidth product 

Cl = lOOpF Rl = 60012 


10 


MHz 

Slew rate 



9 


V//US 

Power bandwidth 

VoUT = ± ‘•OV 

VoUT ~ — ^^V, Rl = 60012, 

Vcc = ± 18 V 


140 

100 


kHz 

kHz 


ELECTRICAL CHARACTERISTICS = 25®C, Vs = ± 15V unless otherwise specified. 




NE/SE5632 

NE/SE5532A 


PARAMETER 

TEST CONDITIONS 

Min 

Typ 

Max 

Min 

Typ 

Max 

UNIT 

Input noise voltage 

fo = 30Hz 


8 



8 

12 

nV/vfiz 


fo = 1kHz 


5 



6 

6 

nV/vfiz 

Input noise current 

fo = 30Hz 


2.7 



2.7 


pAhMz 


fo = 1kHz 


0.7 



0.7 


pA/vfiz 

Channel separation 

f = 1kHz, RS = 5kl2 


110 



110 


dB 
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INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP NE/SE5532/5532A 


TYPICAL PERFORMANCE CHARACTERISTICS 


OPEN LOOP FREQUENCY RESPONSE CLOSED LOOP FREQUENCY RESPONSE 


LARGE-SIGNAL FREQUENCY 
RESPONSE 


Vs = ±15 
TYPICAL VALUES 



Signetics 
























ANALOG DIVISION 


MARCH 1982 


INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP NE/SE5532/5532A 


TEST CIRCUITS 
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INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP NE/SE5532/5532A 


APPLICATIONS 

The Signetics 5532 High Performance Op 
Amp is an ideal amplifier for use in high qual¬ 
ity and professional audio equipment which 
requires low noise and low distortion. 

The circuit included in this application note 
has been assembled on a P.C. board, and 
tested with actual audio input devices 


(Tuner and Turntable). It consists of an RIAA 
pre-amp, input buffer, 5-band equalizer, and 
mixer. Although the circuit design is not new, 
its performance using the 5532 has been 
Improved. 

The RIAA pre-amp section is a standard 
compensation configuration with low fre¬ 
quency boost provided by the Magnetic car¬ 


tridge and the RC network In the op amp 
feedback loop. Cartridge loading is accom¬ 
plished via R1. 47k was chosen as a typical 
value, and may differ from cartridge to 
cartridge. 

The Equalizer section consists of an input 
buffer, 5 active variable band pass/notch 
(depending on R9's setting) filters, and an 


RIAA—EQUALIZER SCHEMATIC 



COMPONENT VALUE TABLES 


R8 = 25k 



R8 = 50k 



R8 = 100k 


R7 = 2.4k R9 = 240k 

R7 = 5.1k R9 = 

510k 

R7 = 10k R9 = 

Imeg 

fo 

C5 

C6 

fo 

C5 

C6 

fo 

C5 

C6 

23 Hz 

1/iF 

. 1)uF 

25 Hz 

.47mF 

.047mF 

12 Hz 

.47mF 

.047mF 

50 Hz 

.47/iF 

.047mF 

36 Hz 

.33/iF 

.033mF 

18 Hz 

.33mF 

.033mF 

72 Hz 

.33aiF 

.OSSfif 

54 Hz 

.22tiF 

.022mF 

27 Hz 

.22mF 

.022mF 

108 Hz 

.22mF 

.022mF 

79 Hz 


.015mF 

39 Hz 

.15mF 

.015mF 

158 Hz 

.15AtF 

.015mF 

119 Hz 

.UF 

.OImF 

59 Hz 

-ImF 

.OImF 

238 Hz 

.1mF 

.01 mF 

145 Hz 

.082mF 

.0082mF 

72 Hz 

.082mF 

.0082mF 

290 Hz 

.082/zF 

.0082^F 

175 Hz 

.068mF 

.0068mF 

87 Hz 

.068mF 

.0068mF 

350 Hz 

.068mF 

.0068mF 

212 Hz 

.056mF 

.0056mF 

106 Hz 

.056mF 

.0056mF 

425 Hz 

.056mF 

.0056mF 

253 Hz 

.047juF 

.0047mF 

126 Hz 

.047mF 

.0047mF 

506 Hz 

.047AtF 

.0047mF 

360 Hz 

.033mF 

.0033mF 

180 Hz 

.033mF 

.0033mF 

721 Hz 

.033mF 

.0033mF 

541 Hz 

.022mF 

.0022mF 

270 Hz 

.022mF 

.0022mF 

1082 Hz 

.022mF 

.0022mF 

794 Hz 

.015/iF 

.0015mF 

397 Hz 

.015mF 

.0015mF 

1588 Hz 

.015mF 

.0015mF 

1191 Hz 

.OImF 

.OOl/itF 

595 Hz 

.OI/tiF 

.OOImF 

2382 Hz 

.OImF 

.OOImF 

1452 Hz 

.0082aiF 

820pF 

726 Hz 

.0082mF 

820pF 

2904 Hz 

.0082aiF 

820pF 

1751 Hz 

.0068mF 

680pF 

875 Hz 

.0068mF 

680pF 

3502 Hz 

.0068mF 

680pF 

2126 Hz 

.0056aiF 

560pF 

1063 Hz 

.0056mF 

560pF 

4253 Hz 

.0056mF 

560pF 

2534 Hz 

.0047mF 

470pF 

1267 Hz 

.0047mF 

470pF 

5068 Hz 

.0047AtF 

470pF 

3609 Hz 

.0033mF 

330pF 

1804 Hz 

.0033/uF 

330pF 

7218 Hz 

.0033mF 

330pF 

5413 Hz 

.0022;iF 

220pF 

2706 Hz 

.0022mF 

220pF 

10827 Hz 

.0022mF 

220pF 

7940 Hz 

.0015^F 

150pF 

3970 Hz 

.0015mF 

150pF 

15880 Hz 

.0015mF 

150pF 

11910 Hz 

.OOImF 

lOOpF 

5955 Hz 

.OOl/tF 

lOOpF 

23820 Hz 

.001/zF 

lOOpF 

14524 Hz 

820pF 

82pF 

7262 Hz 

820pF 

82pF 




17514 Hz 

680pF 

68pF 

8757 Hz 

680pF 

68pF 




21267 Hz 

660pF 

56pF 

10633 Hz 

560pF 

56pF 







12670 Hz 

470pF 

47pF 







18045 Hz 

330pF 

33pF 


COMPONENT VALUES 


.22^F 

rsopF 

.0033/iF 
33mF 

SEE TABLE 
SEE TABLE 
2.2;,F 

R8 (pot) SEE TABLE 
R9 SEE TABLE 
R10 100k 
R11 100k 

R12 20k (5 STAGES) 


R1 Imefl Cl 

R2 100k C2 

R3 Imeg C3 

R4 1.1k C4 

R5 100k C5 

R6 100k C6 

R7 SEE TABLE C7 


Figure 1 
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output 3 ummmg amplifier. The input buffer is 
a standard unity gain design providing im¬ 
pedance matching between the pre amplifi¬ 
ers and the equalizer section. Because the 
5532 is internally compensated, no external 
compensation is required. The 5-band ac¬ 
tive filter section is actually 5 individual ac¬ 
tive filters with the same feedback design 
for all 5. The main differance in all five 
stages is the values of C5 and C6 which 
are responsible for setting the center fre¬ 
quency of each stage. Linear pots are rec¬ 
ommended for R9. To simplify use of this 
circuit, a component value table is provided, 
which lists center frequencies and their as¬ 
sociated capacitor values. Notice that C5 


equals (10) C6. and that the Value of R8 and 
RIO are related to R9 by a factor of 10 as 
well. The values listed in the table are com¬ 
mon and easily found standard values. 

The final stage is the summing amplifier/ 
buffer stage, to sum the individual filters 
(Figure 2). Note the original signal is sub¬ 
tracted from the sum by a factor dependant 
on the number of filter stages. This subtrac¬ 
tion is necessary to maintain a unity gain 
configuration at the output with all pots set 
to the flat position. If R13 were omitted the 
output with 1 volt at each stage would equal 
5 volts (in this case) instead of the desired 1 
volt. Full boost and cut using the table val¬ 


ues is about ± 15dB. Although 5 bands were 

chosen for this application, the user may 

have as many bands as are required. Please 

note that the subtracting resistor R13, must 

be adjusted to meet the unity requirement 

using R13 = —j e. 6 stages = 20k. 

# of stages 

The remainder of the circuit employs the 
Philips TCA 730H volume, balance, and 
loudness-control circuit and the Signetics 
NE540 power driver circuit, which as shown 
will net about 35 watts per channel RMS. 
The NE540 can be found in the Signetics 
Analog Data Manual, and Applications Man¬ 
ual. Information on the TCA730A may be ob¬ 
tained from Signetics Analog Division. 


VOLUME, BALANCE, LOUDNESS & POWER AMPS 



5.6K 

2.2K 

100K 

22K 

4.7K 

3.9K 

10K 

100 OHMS 
.18 OHMS (2W) 
56 OHMS 
8.2K 

IK TRIM POT 

10K 

8.2K 

56 OHMS 

.18 OHMS (2W) 


Cl IOmF 

C2 .1/tF 
C3 47/iF 
C4 .0047iuF 
C5 lOOpF 
C6 lOOpF 
C7 lO/iF 

C8 .I^F 
C9 10/uF 
CIO .0047juF 
C11 lOOpF 
C12 lOOpF 
C13 IOmF 
C14 SOjuF 
C15 lOpF 
C16 .0047^F 

C17 SOOpF 
C18 SOOpF 


NOTE 

All resistors ViW 1% to 5% unless otherwise noted 

For additional information on the NE540, refer to Signetics Analog Data and Applications Manuals. 
For additional information on the SAA730, contact Signetics Analog Division, Philips Representative. 

Figure 2 


3-90 


Signetics 






ANALOG DIVISION 


MARCH 1982 


SINGLE AND DUAL LOW NOISE OP AMP NE5533/5533A / NE/SE5534/5534A 


DESCRIPTION 

The 5533/5534 are dual and single high- 
performance low noise operational amplifi¬ 
ers. Compared to other operational amplifi¬ 
ers, such as TL083, they show better noise 
performance, improved output drive capa¬ 
bility and considerably higher small-signal 
and power bandwidths. 

This makes the devices especially suitable 
for application in high quality and profes¬ 
sional audio equipment, in instrumentation 
and control circuits and telephone channel 
amplifiers. The op amps are internally com¬ 
pensated for gain equal to, or higher than, 
three. The frequency response can be op¬ 
timized with an external compensation ca¬ 
pacitor for various applications (unity gain 
amplifier, capacitive load, slew-rate, low 
overshoot, etc.) If very low noise is of prime 
importance, it is recommended that the 
5533A/5534A version be used which has 
guaranteed noise specifications. 


FEATURES 

• Small-signal bandwidth: 10MHz 

• Output drive capability: 6001), 10V (rms) 
at Vs = ±18V 

• Input noise voltage: 4nV/ \/Hz 

• DC voltage gain: 100000 

• AC voltage gain: 6000 at 10kHz 

• Power bandwidth: 200kHz 

• Slew-rate: 13V//iS 

Large supply voltage range: ±3 to ±20V 


PIN CONFIGURATIONS 

I D,FE,N PACKAGE 


BALANCE 

INVERTING 

INPUT 

NONINVERTING 

INPUT 



ORDER NUMBERS 

NE/SE5534N, FE NE/SE5534AN, AFE 
NE5534D 

F,N PACKAGE 



BALANCE 
COMPENSATION A 
I COMPENSATION 


COMPENSATION 


BALANCE/ 

I COMPENSATION B 


ORDER NUMBERS 

NE5533N, F 
NE5533AN, AF 


EQUIVALENT SCHEMATIC 
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SINGLE AND DUAL LOW NOISE OP AMP NE5533/5533A / NE/SE5534/5534A 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Vs 

Supply voltage 

±22 

V 

ViN 

Input voltage 

±V supply 

V 

Vdiff 

Differential input voltage'' 

±.5 

V 

Ta 

Operating temperature range 




SE5534/5634A 

-55 to ±125 

°c 


NE5533/5533A/5534/5534A 

0 to ±70 

°c 

Tstg 

Storage temperature 

-65 to ±150 

°c 

Tj 

Junction temperature 

150 

°c 

Pd 

Power dissipation at 25° 




5533N, 5534N, 5534FE 

800 

mW 


5533F 

1000 

mW 


Output short circuit duration^ 

indefinite 



Lead temperature 

300 

°C 


(soldering 10 sec) 




NOTES 

1. Diodes protect the inputs against over-voltage. Therefore, unless current-limiting 
resistors are used, large currents will flow if the differential input voltage exceeds 
0.6V. Maximum current should be limited to ±10mA. 

2. For operation at elevated temperature, derate packages based on the following 
junction-to-ambient thermal resistances: 


8-pin ceramic (FE) 140° C/W 
14-pin ceramic (F) 110°C/W 
8-pin plastic (N) 162°C/W 
14-pin plastic (N) 150° C/W 

3. Output may be shorted to ground at Vs = ±15V, Ta = 25°C. Temperature and/or 
supply voltages must be limited to ensure dissipation rating is not exceeded. 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ±15V unless otherwise specified.1.2 


PARAMETER 

TEST CONDITIONS 

SE5534/5534A 

NE5533/5533A 

5534/5634A 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos Offset voltage 

Over temperature 


.5 

2 

3 


.5 

4 

5 

mV 

mV 

los Offset current 

Over temperature 


10 

200 

500 


20 

300 

400 

nA 

nA 

Ib Input current 

Over temperature 


400 

800 

1500 


500 

1500 

2000 

nA 

nA 

Ice Supply current 

Per op amp 

Over temperature 


4 

6.5 

9 


4 

8 

mA 

mA 

VcM Common mode input range 

CMRR Common mode rejection ratio 
PSRR Power supply rejection ratio 


±12 

80 

±13 

100 

10 

50 

±12 

70 

±13 

100 

10 

100 

V 

dB 

mV/V 

Avol Large signal voltage gain 

Rl > 600a, Vo = ±10V 
Over temperature 

50 

25 

100 


25 

15 

100 


V/mV 

V/mV 

Vout Output swing 

Rl > 600a 1 

Rl > 600n Vs = ±18V 

±12 

±15 

±13 

±16 


±12 

±15 

±13 

±16 


V 

V 

Rin Input resistance 

Isc Output short circuit current 


50 

100 

38 


30 

100 

38 


kfi 

mA 


NOTES 

1 . For NE5533/5533A/5534/5534A, = 0°C, ® 70°C 

2. For SE5534/5534A, T^,in = -55 °C, = +125°C 
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SINGLE AND DUAL LOW NOISE OP AMP NE5533/5533A / NE/SE5534/5534A 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ±15V unless otherwise specified. 




SE5534/5534A 

NE5533/5533A 


PARAMETER 

TEST CONDITIONS 




5534/5534A 

UNIT 



Min 

Typ 

Max 

Min 

Typ 

Max 


Rout Output resistance 

Av = 30dB closed loop 


0.3 



0.3 


0 

f = 10kHz, Rl = 600a Cc = 22pF 





Transient response 

Voltage follower, Vin = 50mV 

Rl = 600n, Cc = 22pF, Cl = 10OpF 

■ 

H 


■ 


■ 


Tr Rise time 



KB 





ns 

Overshoot 


m 



Hi 



% 

Transient response 

ViN = SOmv, Rl = 6000 

Cc = 47pF, Cl = SOOpF 

■ 

H 


■ 


■ 


Tr Rise time 








ns 

Overshoot 


m 






% 

AC Gain 

f = 10kHz, Cc = 0 

n 

H 



6 


V/mV 


f = 10kHz, Cc = 22pF 

mi 




2.2 


V/mV 

Gain bandwidth product 

Cc = 22pF, Cl = lOOpF 


10 



10 


mHz 

Slew rate 

O 

o 

II 

o 







V/mS 


Cc = 22pF 




IHl 


■I 

V/mS 

Power bandwidth 

VouT = ±10V, Cc = 0 


200 


■■■ 



kHz 


VouT = ±10V, Cc = 22pF 







kHz 


VouT = ±14V, Rl = 6000 

Cc = 22pF, Vcc = ±18V 




■ 


■ 

kHz 


ELECTRICAL CHARACTERISTICS Ta = 25®C, Vs = ±15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

5533/5534 

5533A/5534A 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input noise voltage 

fo = 30Hz 
fo = 1kHz 


7 

4 



5.6 

3.5 

7 

4.5 

nV/\^ 

nV/VRz 

Input noise current 

fo = 30Hz 
fo = 1kHz 


2.5 

0.6 



1.5 

0.4 


pa/Vhz 

pA/ylHz 

Broadband noise figure 

f = 10Hz - 20kHz, Rs = 5kfi 





0.9 


dB 

Channel separation 

f = 1kHz, Rs = 5k0 


110 



110 


dB 
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TEST LOAD CIRCUITS 
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SINGLE AND DUAL LOW NOISE OP AMP NE5533/5533A/ NE/SE5534/5534A 

TYPICAL PERFORMANCE CHARACTERISTICS 

OPEN LOOP FREQUENCY RESPONSE SLEW-RATE AS A FUNCTION OF CLOSED LOOP FREQUENCY RESPONSE 

COMPENSATION CAPACITANCE 



LARGE-SIGNAL FREQUENCY OUTPUT SHORT-CIRCUIT CURRENT INPUT BIAS CURRENT 

RESPONSE 



‘(Hz) Ta(°C) 


INPUT COMMON MODE SUPPLY CURRENT INPUT NOISE VOLTAGE DENSITY 

VOLTAGE RANGE PER OP AMP 
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ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER NE/SE5539 


DESCRIPTION 

The Signetics NE5539 is a very wide 
bandwidth, high slew rate, monolithic oper¬ 
ational amplifier for use in video amplifiers, 
RF amplifiers, and extremely high slew rate 
amplifiers. 

Emitter follower inputs provide a true differ¬ 
ential high input impedance device. Proper 
external compensation will allow design op¬ 
eration over a wide range of closed loop 
gains, both inverting and non-inverting, to 
meet specific design requirements. 


FEATURES 

• Gain bandwidth product: 1.2GHz 

• Siew rate: GOOV/iusec 

• Full power response: 48MHz 

• Avol* 50dB 

APPLICATIONS 

• Fast pulse amplifiers 

• RF oscillators 

• Fast sample and hold 

• High gain video amplifiers 
(BW > 20MHz} 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Vcc 

Supply voltage 

±12 

V 

Pd 

internal power dissipation 

550 

mW 

tstg 

Storage temperature range 

-65 to +150 


Tj 

Max junction temperature 

150 

“C 

Ta 

Operating temperature range 




NE 

Oto 70 

°c 


SE 

-55 to +125 



Lead temperature 

300 

‘’C 


PIN CONFIGURATION 

D,F,N PACKAGE 



ORDER NUMBERS 

NE/SE5539F NE/SE5539N 
NE5539D 


EQUIVALENT CIRCUIT 
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ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER NE/SE5539 


DC ELECTRICAL CHARACTERISTICS Vcc = ±8V, T/\ = 25°C unless otherwise specified 


PARAMETER 




SE5539 

NE5539 

UNIT 

TEST CONDITIONS 


Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input offset voltage 

Vo = OV. Rs = 

10012 

Over temp 


2 

5 




mV 



Ta = 25°C 


2 

3 


2.5 

5 

•os 

Input offset current 



Over temp 


.1 

3 




mA 



Ta = 25°C 


.1 

1 



2 

•b 

Input bias current 



Over temp 


6 

25 




IxA 



Ta = 25°C 


5 

13 


5 

20 

CMRR 

Common mode rejection ratio 

F = 1 kHz, Rs 

= 10012, VcM 

= 1.7V 

70 

80 


70 

85 


dB 

R|N 

Input impedance 



100 



100 


kl2 

Rout 

Output impedance 



10 



10 


12 

VOUT 

Output voltage swing 

Rl = 15012 to GND 

+Swing 




+2.3 

+2.7 


V 

and 47012 to 

-Vcc 

—Swing 




-1.7 

-2.2 





Over temp 

+Swing 

+ 2.3 

+3.0 





V 

VOUT 

Output voltage swing 

RL=2kl2 to GND 

—Swing 

-1.5 

-2.1 





Ta = 25°C 

+Swing 

+2.5 

+3.1 









—Swing 

-2.0 

-2.7 





V 

•cc+ 

Positive supply current 

< 

o 

II 

p 

JO 

= oo 

Over temp 


14 

18 




mA 

Ta = 25°C 


14 

17 


14 

18 

•cc- 

Negative supply current 

Vo = 0. Ri 

= oo 

Over temp 


11 

15 




mA 


Ta = 25°C 


11 

14 


11 

15 

PSRR 

Power supply rejection ratio 

AVrr = + IV 

Over temp 


300 

1000 




aV/V 




Ta = 25°C 





200 

1000 

AvOL 

Large signal voltage gain 

Vo = +2.3V, -1.7V 

Rl = 15012 to GND. 47012 to -Vcc 




47 

52 

57 

dB 

AvOL 

-Large signal voltage gain 

Vo = +2.3V. 

-1.7V 

Over temp 







dB 

Rl = 2K to GND 

Ta = 25°C 




47 

52 

57 

AvOL 

Large signal voltage gain 

Vn = +2.5V. 

-2.0V 

Over temp 

46 


60 




dB 

Rl = 212 to GND 

Ta = 25°C 

48 

53 

58 





NOTE 

1. Differential input voltage should not exceed 0.25 volts to prevent excessive input bias 
current and common mode voltage 2.5 volts. These voltage limits may be exceeded if 
current limit is 10mA. 


AC ELECTRICAL CHARACTERISTICS Vcc = ±8V, Rl = 15012 to GND & 39012 to -Vqq unless otherwise specified 


PARAMETER 



SE5539 

NE5539 

UNIT 

TEST CONDITIONS 

Min 

Typ 

Max 

Min 

Typ 

Max 

Gain bandwidth product 

AcL = 7 

Vq = 0.1 Vp-p 


1200 





MHz 

Small signal bandwidth 

CM 

II 

—1 

o 

< 

Rl = 15012 


110 





MHz 

Settling time 

C\J 

II 

_i 

o 

< 

Rl = 15012 


15 





nSec 

Slew rate 

AcL = 2 

Rl = 15012 


600 



330 


y / fxSec 

Propagation delay 

AcL = 2 

Rl = 15012 


7 



10 


nSec 

Full power response 

C\J 

II 

—I 

O 

< 

Rl = 15012 


48 



20 


MHz 

Full power response 

Av = 7, 

Rl = 15012 


20 





MHz 

Wide band noise (RMS) 

Bw = 5MHz, Rs = 5012 


5 





mV 
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ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER NE/SE5539 


DC ELECTRICAL CHARACTERISTICS Vqqf ±6V, Ta = 25“C unless otherwise specified 


PARAMETERS 




SE5539 

UNIT 

icoi 






Input offset voltage 



Over temp 


2 

5 


Vqs 



Ta = 25X 


2 

3 

■M 

Input offset current 



Over temp 


.1 

3 

mA 

!■ 



BSEQI 


.1 

1 


Input bias current 





5 

20 


•b 





4 

10 

CMRR 

Common mode rejection ratio 

VcM= ±1.3V, Rs=100L2 

70 

85 


dB 

lcc + 

Positive supply current 



Over temp 


11 

14 






11 


B 

Negative supply current 





8 

11 

mA 





8 

10 

PSRR 

Power supply rejection ratio 

A\/ J. 1\/ 

Over temp 


300 

1000 

mV/V 



Ta = 25“C 







Over temp 

-I- Swing 

-I- 1.4 

-1-2.0 




Output voltage swing 

RL=150fi to GND 

- Swing 

- 1.1 

- 1.7 



Vqut 

and 390fi to -Vcc 

Ta = 25X 

+ Swing 

-1-1.5 

-1-2.0 


V 




- Swing 

-1.4 

-1.8 




AC ELECTRICAL CHARACTERISTICS Vcc= ± 8V, R| = 150fi to GND and 390n to - Vcc unless otherwise specified 


PARAMETER 

TEST CONDITIONS 

SE5539 

UNIT 

Min 

Typ 

Max 

Gain bandwidth product 

Acl = 7 


700 


MHz 

Small signal bandwidth 

CM 

II 

_i 

O 

< 


120 


MHz 

Settling time 

CM 

II 

d 

< 


23 


ns 

Slew rate 

CM 

II 

d 

< 


330 


yiiis 

Propagation delay 

Acl = 2 


4.5 


ns 

Full power response 

CM 

II 

d 

< 


20 


MHz 


NE5539 COLOR VIDEO AMPLIFIER 

The NE5539 wide band operational amplifier 
is easily adapted for use as a color video 
amplifier. A typical circuit is shown (figure 1) 
along with the Vectorscope photograph 
showing the amplifier response to a stan¬ 
dard NTSC color signal. (Note that the input 
reference vectors are displayed simulta¬ 
neously with the output.) The polar repre¬ 
sentation indicates amplifier differential 


phase error overall to be less than 2°. Gain 
also remains linear or constant with the 
varying input amplitudes. 

The amplifier circuit was optimized for a 75fi 
input and output termination impedance with 
a gain of 10 (20dB). 

A second series of test waveforms show the 
amplifier’s response to a 3.58MHz burst sig¬ 
nal (figures 2 and 3). 


Finally, the amplifier response is Shown as a 
function of time for the NTSC signal with no 
perceptible droop or overshoot in response 
to step functions (see figure 4). Note that no 
external compensation was required since 
the gain was greater than 7 (17dB). 

Vqq is ±8 volts for all cases shown. 
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ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER NE/SE5539 



1 MHz 10MHz 100MHz 300MHz 


FREQUENCY IN CYCLES PER SECOND 


POWER BANDWIDTH (NE) 


I 



FREQUENCY IN CYCLES PER SECOND 



SE5539 OPEN LOOP PHASE vs FREQUENCY 


GAIN BANDWIDTH PRODUCT vs FREQUENCY 



FREQUENCY IN CYCLES PER SECOND 



FREQUENCY IN CYCLES PER SECOND 


NOTE 

V///////////\ Indicates typical 

\///////////A distribution —55®C < < 125*C 
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ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER NE/SE5539 


28dB NON-INVERTING AMP 
SAMPLE P.C. LAYOUT 


Rf 



R1 = 7512 5% CARBON 
R2 = 7512 5% CARBON 
R3 = 7512 5% CARBON 
R4 = 36K 5% CARBON 


RS = 20K TRIMPOT (CERMET) 
RF = 1.5K (28dB GAIN) 

Re = 47012 5% CARBON 


RFC 3T # 26 BUSSWIRE ON 
FERROXCUBE VK 200 09/3B CORE 
BYPASS CAPACITORS 
1nF CERAMIC 
(MEPCO OR EQUIV.) 


TOP PLANE COPPER’ 
(Component Side) 


-V 


8 V* 



% ® 


8 

NE5539 

w/comp^ 


4 




NOTE 

Bond edges of top and bottom ground plane copper. 


Figure 10 
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ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER 


SMALL SIGNAL RESPONSE 



Figure 8 



NE/SE5539 


Copyright ® Signetics 1979 
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ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER NE/SE5539 


The primary reasoning behind this proce¬ 
dure is to force the closed loop circuit to 
appear as a gain of X7 above the critical 
frequency where phase changes rapidly 
(approx. TOMHz; refer to figure 7a). The lag 
network raises the phase at the upper oper¬ 
ating frequencies, greatly improving the 
phase margin. 

The calculations below show the application 
of these principles to the circuit in figure 7b. 

The circuit shown has an inverting gain of 2, 
therefore solving for R 2 : 


R2^ 


Rf 

7-|acl| 


2K 

7-2 


= 400 


Let R 2 = 330fi 


Assuming a gain band width product of 350 
MHz, Cq may now be calculated as follows: 


INVERTING GAIN OF 7 
GAIN-PHASE RESPONSE 
(UNCOMPENSATED) 



Figure 7a 


•Cg- 


TT • 330 • 350 • 106 


^ 14pF 


In the circuit shown, a lead compensation 
capacitor of 1.6pF was used with a value 
of R 2 of 330fi and Cq was a 2 - 20pF trim¬ 
mer cap (JFD piston-type). Rise and fall 
times of 2.8 to 3ns were measured in the 
small signal mode with quite adequate range 
in the lag compensation trimmer to optimize 
overshoot and reduce ringing (see pulse re¬ 
sponse-figures 9 and 10). 


NE5539 

INVERTING GAIN OF 2 AMPLIFIER 


1.8 pF 



Note 

Roei««tor8-% watt carboH. 

RFC-3T #26 buss wire on Ferroxcube VK200 09/3B 
wideband threaded core. 

Figure 7b 
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ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER NE/SE5539 


CIRCUIT LAYOUT 
CONSIDERATIONS 

As may be expected for an ultra-high fre¬ 
quency, wide gain bandwidth amplifier, the 
physical circuit layout is extremely critical. 
A double-sided printed circuit board will re¬ 
sult In more favorable system operation (see 
figure 10 ). 

The effect of the distributed and input ca¬ 
pacitance added by the inverting node of the 
amplifier must be considered when calculat¬ 
ing actual system closed loop performance. 
The RC product of the input resistor (R|n) in 
parallel with Cdjst- and feedback resistor 
(Rp) create a pole at pin 14 (figure 6 ). This 
frequency must fall beyond the unity gain 
frequency of the system in order to maintain 
stability and system performance. 

CLOSED LOOP GAIN 
LESS THAN 7 

The NE5539 is stable for all closed loop 
gains greater than seven (7). When operat¬ 
ing at gains less than seven (7), the device 
can become unstable. The circuit in figure 7 
is an example of a unity gain inverting ampli¬ 
fier. The compensation components are 
added to obtain stable operation. 

Capacitor Cl improves the phase margin (of 
the operational amplifier) by compensating 
for the lag introduced by the distributed ca¬ 
pacitor (Cq). 

St can be shown that the optimal conditions 
for amplifier stability occur when R^Cp = 
RfCl: however, when the stability criteria is 
obtained, it should be noted that the actual 
bandwidth of the closed loop amplifier will 
be reduced. 

The actual value for Cl, based on a distrib¬ 
uted capacitance of 3.5pFd, would be 
2pF. 


NON-INVERTING BLOCK DIAGRAM 



WIDE BAND UNITY GAIN 
INVERTING AMPLIFIER CIRCUIT 
IN A 75fi SYSTEM 



Figure 6 


Determination of Compensation 
Capacitance: 


^lead “ 


^dist 

Acl 


The above equation defines the relationship 
between the distributed capacitance, 
closed loop gain (Aql). and the compensa¬ 
tion capacitor (Cl). For closed loop stability 
and gains less than 5, C| 03 (j becomes a 
practical consideration. When bandwidth is 
of primary concern, the simple lead compen¬ 
sation will usually be adequate. However, if 
transient response is also a factor in the 
design, then a lag compensation network 
(Cq, R 2 ) niay be necessary. 


For practical applications, the following 
equations can be used to determine the 
proper lag compensation components: 

Rf 

-n- > 7 (Equation 1 ) 

Rl I I R2 

Rf 

R 2 - (Equation 2) 

7-Acl 


(Using Equation 1 to insure a closed 
loop gain of X7 above the network 
break frequency allows you to solve 
for R 2 , the lag network resistor.) 


C|ag may be approximated by the following 
equations. First set the lag network break 
frequency In relation to the amplifier total 
gain product (open loop). 


^ ^ 27r» GBW 

Setaj|ag=s -—- rad/sec 


GBW 


then «|ag 

and C|ag may now be determined. 

“ TT • R 2 • GBW 

< Assume GBW = 350MHz > (Equation 3) 
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Figure 2 


Figure 1 


3.58MHz burst through a 5539 20dB amplifier. 


Output of NE5539 20dB amplifier. 
Z in = 75t2’s 
Z out = 75il’s 


Figure 4 


NE5539 NTSC VECTOR POLAR GRAPH 
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ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER 


NE/SE5539 


NTSC OUTPUT SIGNAL 


NE553g OPEN LOOP PHASE 


NE5539 OPEN LOOP GAIN 


NE5539 VIDEO AMPLIFIER 


3.58MHz BURST SIGNAL 


Figure 3 
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ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER NE/SE5539 



Signetics 


3-105 



ANALOG DIVISION 


MARCH '1982 


GENERAL PURPOSE OPERATIONAL AMPLIFIER fiA7M I fiMA'l C/SA741G 


DESCRIPTION 


FEATURES 


PIN CONFIGURATION 


The mA 741 is a high performance oper¬ 
ational amplifier with high open loop gain, 
internal compensation, high common 
mode range and exceptional temperature 
stability. The /4A741 is short-circuit pro¬ 
tected and allows for nulling of offset volt¬ 
age. 


• Internal frequency compensation 

• Short circuit protection 

• Excellent temperature stability 

• High input voltage range 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 



mA741C 

±18 

V 

mA741 

±22 

V 

Internal power dissipation 



N package 

500 

mW 

FE package 

1000 

mW 

Differential input voltage 

±30 

V 

Input voltagei 

±15 

V 

Output short-circuit duration 

Continuous 


Operating temperature range 



AiA741C 

0 to ±70 

°C 

SA741C 

-40 to ±85 

°C 

mA741 

-55 to ±125 

°C 

Storage temperature range 

-65 to ±150 

°C 

Lead temperature (soldering 60sec) 

300 

°C 


D,FE,N PACKAGE 



ORDER NUMBERS 

M741N mA741FE 

(^A741CN ^A741CFE 

SA741CN 
,*A741CD 


NOTE 

1. For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 


EQUIVALENT SCHEMATIC 


mA741, ^A741C, SA741C 
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GENERAL PURPOSE OPERATIONAL AMPLIFIER /^A741 / ;,A741 C/SA741C 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ±15V, unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

iuA741 

mA741C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Offset voltage 

Rs = iokn 


1.0 

5.0 


2.0 

6.0 

mV 



Rs = 10kn, over temp. 


1.0 

6.0 



7.5 

mV 

los 

Offset current 



20 

200 


20 

200 

nA 



Over temp. 






300 

nA 



Ta = +125®C 


7.0 

200 




nA 



Ta = -55° C 


20 

500 




nA 

■bias 

Input bias current 



80 

500 


80 

500 

nA 



Over temp. 






800 

nA 



Ta = +125°C 


30 

500 




nA 



Ta = -55° C 


300 

1500 




nA 

VoUT 

Output voltage swing 

Rl = 10ka 

±12 

±14 


±12 

±14 


V 



Rl = 2kn, over temp. 

±10 

±13 


±10 

±13 


V 

Avol 

Large signal voltage gain 

RL = 2ka Vo = ±10V 

50 

200 


20 

200 


V/mV 



Rl = 2kn, Vo = ±10V, over temp. 

25 



15 



V/mV 

Offset voltage adjustment 
range 



±30 



±30 


mV 

PSRR 

Supply voltage rejection ratio 

Rs < 10kn 





10 

150 

mV/V 



Rs ^ lOkn, over temp. 


10 

150 




mV/V 

CMRR 

Common mode rejection ratio 








dB 



Over temp. 

70 

90 





dB 

Icc 

Supply current 



1.4 

2.8 


1.4 

2.8 

mA 



Ta = +125°C 


1.5 

2.5 




mA 



Ta = -55° C 


2.0 

3.3 




mA 

ViN 

Input voltage range 

(/iA741, over temp.) 

±12 

±13 


±12 

±13 


V 

Rin 

Input resistance 


0.3 

2.0 


0.3 

2.0 


Mn 

Pd 

Power consumption 



50 

85 


50 

85 

mW 



Ta = +125°C 


45 

75 




mW 



Ta = -55°C 


45 

100 




mW 

Rout 

Output resistance 



75 



75 


a 

isc 

Output short-circuit current 



25 



25 


mA 
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GENERAL PURPOSE OPERATIONAL AMPLIFIER /iA741//.A741C/SA74IC 


DC ELECTRICAL CHARACTERISTICS (Confd) Ta = 25°C, Vs = ±15V, unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SA741C 

UNIT 

Min 

Typ 

Max 

Vos 

Offset voltage 

Rs = iokn 


2.0 

6.0 

mV 



Rs = 10kn, over temp. 



7.5 

mV 

los 

Offset current 



20 

200 

nA 



Over temp. 



500 

nA 

■bias 

Input bias current 



80 

500 

nA 



Over temp. 



1500 

nA 

VoUT 

Output voltage swing 

Rl = 10kn 

±12 

±14 


V 



Rl = 2kn, over temp. 

±10 

±13 


V 

Avol 

Large signal voltage gain 

RL = 2ka Vo = ±10V 

20 

200 


V/mV 



Rl = 2kn, Vo = ±10V, over temp. 

15 



V/mV 


Offset voltage adjustment 



±30 


mV 


range 






PSRR 

Supply voltage rejection ratio 

Rs<10kn 


10 

150 

mV/V 

CMRR 

Common mode rejection ratio 





dB 

Icc 

Supply current 



1.4 

2.8 

mA 

ViN 

Input voltage range 

(/uA741, over temp.) 

±12 

±13 


V 


Input resistance 


0.3 

2.0 


Ma 

Pd 

Power consumption 



50 

85 

mW 

Rout 

Output resistance 



75 


a 

I sc 

Output short-circuit current 



25 


mA 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ±15V, unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

/xA741, mA741C 

UNIT 



Min 

Typ 

Max 


Parallel input resistance 

Open loop, f = 20Hz 




Ma 

Parallel input capacitance 

Open loop, f = 20Hz 


1.4 


pF 

Unity gain crossover frequency 

Open loop 


1.0 


MHz 

Transient response unity gain 

ViN = 20mV, Rl = 2ka, Cl < lOOpf 


0.3 



Rise time 




fXS 

Overshoot 



5.0 


% 

Slew rate 

C < lOOpf, Rl > 2k, ViN = ±10V 


0.5 


V/aiS 


TYPICAL PERFORMANCE CHARACTERISTICS 
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GENERAL PURPOSE OPERATIONAL AMPLIFIER 

/iA741/^A741C/SA741C 

TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 



INPUT BIAS CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 
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FREQUENCY 
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GENERAL PURPOSE OPERATIONAL AMPLIFIER 

)«A741/)iiA741C/SA741C 

TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 

BROADBAND NOISE FOR OPEN LOOP VOLTAGE GAIN 

VARIOUS BANDWIDTHS AS A FUNCTION OF 

FREQUENCY 

OPEN LOOP PHASE RESPONSE 

AS A FUNCTION OF 
FREQUENCY 



SOURCE RESISTANCE - fi 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
FREQUENCY 



1K 10K 100K 

FREQUENCY — Hz 



10 100 IK 10K 100K 1M 10M 

FREQUENCY — Hz 


COMMON MODE REJECTION 
RATIO AS A FUNCTION OF 
FREQUENCY 



FREQUENCY — Hz 


POWER BANDWIDTH 
(Large Signal Swing vs Frequency) 




1 10 100 1K 10K 100K 1M 10M 

FREQUENCY — Hz 


TRANSIENT RESPONSE 



0.5 1.0 1.5 2.0 2.5 

TIME — aS 


f. FREQUENCY (Hz) 
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DUAL OPERATIONAL AMPLIFIER 


/XA747/747C/SA747C 


DESCRIPTION 


FEATURES 


PIN CONFIGURATIONS 


The 747 is a pair of high performance mono¬ 
lithic operational amplifiers constructed on 
a single silicon chip. High common mode 
voltage range and absence of “latch-up” 
make the 747 ideal for use as a voltage 
follower. The high gain and wide range of 
operating voltage provides superior per¬ 
formance in integrator, summing amplifier, 
and general feedback applications. The 747 
is short-circuit protected and requires no 
external components for frequency com¬ 
pensation. The internal 6dB/octave roll-off 
insures stability in closed loop applications. 
For single amplifier performance, see 
/xA741 data sheet. 


No frequency compensation required 

Short-circuit protection 

Offset voltage null capability 

Large common-mode and differential 

voltage ranges 

Low power consumption 

No latch-up 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 



mA747 

±22 

V 

mA747C 

±18 

V 

SA747C 

±18 

V 

Internal power dissipation 



H Package 

500 

mW 

N,F Packages 

670 

mW 

Differential input voltage 

±30 

V 

Input voltage 

±15 

V 

Voltage between offset null 



and V- 

±0.5 

V 

Storage temperature range 

-65 to ±155 

°C 

Operating temperature range 



ixMAl 

-55 to ±125 

°C 

mA747C 

0 to ±70 


SA747C 

-40 to ±85 

°C 

Lead temperature 



(soldering, 60 sec) 

300 

°C 

Output short-circuit duration 

indefinite 




EQUIVALENT SCHEMATIC 



Signetics 


3-111 









ANALOG DIVISION 
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DUAL OPERATIONAL AMPLIFIER 


nA7A7l7A7CISA747C 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ±15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SA747C 

UNIT 

Min 

Typ 

Max 

Vos 

Offset voltage 

Rs<ioi<n 


2.0 

6.0 

mV 



Rs ^ 10kn, over temp 


3.0 

7.5 

mV 

los 

Offset current 



20 

200 

nA 



Over temp 



500 

nA 

Ibias 

Input current 




500 

nA 



Over temp 



1500 

nA 

VoUT 

Output voltage swing 

Rl ^ 2kn, over temp 

±10 

±13 


V 



Rl > 10kn, over temp 

±12 

±14 


V 

Icc 

Supply current 



1.7 

2.8 

mA 



Over temp 


2.0 

3.3 

mA 


Power consumption 



50 

85 

mW 



Over temp 


60 

100 

mW 

Input capacitance 



1.4 


PF 

Offset voltage adjustment range 



±15 


V 

Output resistance 



75 


n 

Channel separation 



120 


dB 

PSRR 

Supply voltage rejection 
ratio 

Rs < 10kn, over temp 


30 

150 

mV/V 

Avol 

Large signal voltage gain (DC) 

RL>2knVouT = ±10V 

25,000 



v/v 

CMRR 


Rs<10Kn, VcM ±12V 







over temp 

70 



dB 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ±15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

mA747/aiA747C/SA747C 

UNIT 

Min 

Typ 

Max 

Transient response 

ViN = 20m V, Ri = 2ka Ci < lOOpf 





Risetime 

Unity gain CL < lOOpf 


0.3 


IXS 

Overshoot 

Unity gain CL < lOOpf 


5.0 


% 

Slew rate 

RL > 2kn 


0.5 


V/ms 
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DUAL OPERATIONAL AMPLIFIER A747/747C/SA747C 


DC ELECTRICAL CHARACTERISTICS Ta = 25“C, Vs = ±15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

mA747 

/xA747C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos Offset voltage 

Rs <iokn 


2.0 

5.0 


2.0 

6.0 

mV 


Rs ^ 10kn, over temp 


3.0 

6.0 


3.0 

7.5 

mV 

los Offset current 



20 

200 


20 

200 

nA 


Ta = +125“C 


7.0 

200 




nA 


Ta = -55“ C 


85 

500 




nA 


Over temp 





7.0 

300 

nA 

Ibias Input current 



80 

500 


80 

500 

nA 


Ta = 125“C 


30 

500 




nA 


Ta = -55“ C 


300 

1500 




nA 


Over temp 





30 

800 

nA 

VouT Output voltage swing 

Rl > 2kn, over temp 

±10 

±13 


±10 

±13 


V 


Rl > lOka, over temp 

±12 

±14 


±12 

±14 


V 

Ice Supply current 



1.7 

2.8 


1.7 

2.8 

mA 

each side 

Ta = 125“C 


1.5 

2.5 




mA 


Ta = -55“ C 


2.0 

3.3 




mA 


Over temp 





2.0 

3.3 

mA 

Power consumption 



50 

85 


50 

85 

mW 


Ta = 125°C 


45 

75 




mW 


Ta = -55“ C 


60 

100 




mW 


Over temp 





60 

100 

mW 

Input capacitance 



1.4 



1.4 

,1 

PF 

Offset voltage adjustment range 



±15 



±15 

1 

V 

Output resistance 



75 



75 

1 

n 

Channel separation 



120 



120 


dB 

PSRR Supply voltage rejection 



30 

150 


30 

150 

mV/V 

ratio 

Rs < lOkO, over temp 








Avol Large signal voltage gain (DC) 

RL>2knVouT = ±10V 

50,000 



25,000 



v/v 


Over temp 

25,000 



15,000 



v/v 

CMRR 

Rs < 10KO, VcM ±12V 









over temp 

70 

1_ 


70 


_1 

dB 
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DUAL OPERATIONAL AMPLIFIER 


/4A747/747C/SA747C 


TYPICAL PERFORMANCE CHARACTERISTICS 


OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF 
FREQUENCY 


OPEN LOOP PHASE RESPONSE 
AS A FUNCTION OF 
FREQUENCY 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
FREQUENCY 



1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY - Hz 



1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY — Hz 



100 1k 10k 100k 1M 


FREQUENCY - Hz 


OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF 
SUPPLY VOLTAGE 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
SUPPLY VOLTAGE 


INPUT COMMON MODE VOLTAGE 
RANGE AS A FUNCTION OF 
SUPPLY VOLTAGE 




5 10 15 20 



5 10 15 20 


SUPPLY VOLTAGE — ±V 


SUPPLY VOLTAGE - ±V 


SUPPLY VOLTAGE - ±V 


TRANSIENT RESPONSE 


VOLTAGE FOLLOWER 
LARGE SIGNAL PULSE 
RESPONSE 


FREQUENCY CHARACTERISTICS 
AS A FUNCTION OF 
SUPPLY VOLTAGE 
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O 30 

It II 
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TIME — /iS 
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DUAL OPERATIONAL AMPLIFIER 

/iA747/747C/SA747C 

TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 

FREQUENCY CHARACTERISTICS POWER CONSUMPTION 

AS A FUNCTION OF AS A FUNCTION OF 

AMBIENT TEMPERATURE SUPPLY VOLTAGE 

INPUT BIAS CURRENT 

AS A FUNCTION OF 

AMBIENT TEMPERATURE 



TEMPERATURE — “C 

INPUT RESISTANCE 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 



-20 20 60 100 
TEMPERATURE — °C 


POWER CONSUMPTION 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 



-20 20 60 100 140 

TEMPERATURE - °C 



SUPPLY VOLTAGE — ±V 


INPUT OFFSET CURRENT 
AS A FUNCTION OF 
SUPPLY VOLTAGE 


^ 20 





— 

Ta = 

= 25°C 
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' 




1 1 














A747 

1 _ 


SUPPLY VOLTAGE — ±V 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
LOAD RESISTANCE 



0.1 0.2 0.5 1.0 2.0 5.0 10 

LOAD RESISTANCE — KU 



-20 20 60 100 
TEMPERATURE — “C 


INPUT OFFSET CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 



-20 20 60 100 140 

TEMPERATURE - °C 


OUTPUT SHORT-CIRCUIT 
CURRENT AS A FUNCTION 
OF AMBIENT TEMPERATURE 



-60 -20 20 60 100 140 

TEMPERATURE - °C 
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DUAL OPERATIONAL AMPLIFIER ,>t A747/747C/SA747C 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 



TEST CIRCUITS 


TRANSIENT RESPONSE 
TEST CIRCUIT 
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GENERAL PURPOSE OPERATIONAL AMPLIFIER ^A748/748C 


DESCRIPTION 

The 748 is a High Performance Operational 
Amplifier featuring high gain, short circuit 
immunity, offset voltage null capability, 
simplified compensation and excellent tem¬ 
perature stability. 


FEATURES 

• Short circuit protection 

• Offset voitage null capability 

• Large common-mode and differential 
voltage ranges 

• Low power consumption 

• No latch-up 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 



lxA74d 

±22 

V 

/.iA748C 

±18 

V 

Internal power dissipationt 

500 

mW 

Differential output voltage 

±30 

V 

Input voltage2 

±15 

V 

Storage temperature range 

-65 to ±150 

''C 

Operating temperature range 



mA748 

-55 to ±125 

°C 

mA748C 

0 to ±70 


Lead temperature 

300 

°C 

Output short circuit durations 

indefinite i 



PIN CONFIGURATION 


D, N, FE PACKAGE 


OFFSET NULLL 


INPUT 

VERTING r-l 
INPUT LLT 

v-fl 


B freq. 
COMP. B 

T]v^ 

■^OUTPUT 

B OFFSET 
NULL 


ORDER NUMBERS 
/iA748N m 748FE 
fiA748CN /i748CFE 
/1A748CD 


NOTES 

1. Rating applies for case temperatures to +70°C. 

2. For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

3. Short circuit may be to ground or either supply. Rating applies to +70°C ambient 
temperature. 


EQUIVALENT CIRCUIT 


COMPENSATION 



All resistors values are typical and in ohms. 


Signefics 
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GENERAL PURPOSE OPERATIONAL AMPLIFIER /xA748/748C 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ±15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

mA748 

iuA748C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 



Rs < lOka Ta = 25° C 


1.0 

5.0 


2.0 

6.0 

mV 

Vos 

Offset voltage 

Over temperature 



6.0 



7.5 

mV 

I os 

Offset current 

' 


20 

200 


20 

200 

nA 



25° < Ta < Tmax 


7.0 

200 


9.0 

300 

nA 



Tmin ^ Ta ^ 25°C 


85 

500 


35 

300 

nA 

Ibias 

Input current 



80 

500 


80 

500 

nA 



25° < Ta < Tmax 


30 

500 


40 

800 

nA 



Tmin ^ Ta ^ 25°C 


300 

1500 


130 

800 

nA 

VCM 

Common mode voltage range 

Over temperature 

±12 

±13 


±12 

±13 


V 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ±15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

)uA748 

mA748C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

CMRR 

Common mode rejection ratio 

Rs < ±10ka, over temperature 

70 

90 


70 

90 


dB 

Rin 

Input resistance 


0.3 

2.0 


.30 

2.0 


MO 

VoUT 

Output voltage swing 

Rl > 2kn, over temperature 

±10 

±13 


±10 

±13 


V 



Rl > lOkn, over temperature 

±12 

±14 


±12 

±14 


V 

Icc 

Supply current 



1.7 

2.83 


1.7 

2.83 

mA 



25° < Ta < Tmax 


1.5 

2.50 


1.6 

3.33 

mA 



Tmin ^ Ta 25°C 


2.0 

3.33 


1.8 

3.33 

mA 

Pd 

Power consumption 

Ta = 25°C 


50 

85 


50 

85 

mW 



25° < Ta < Tmax 


45 

75 


48 

100 

mW 



Tmin ^ Ta ^ 25°C 


60 

100 


54 

100 

mW 

PSRR 

Supply voltage rejection ratio 

Rs < lOkO, over temperature 


30 

150 


30 

150 

A^V/V 

Output resistance 

Ta = 25° C 


75 



75 


a 

Avol 

Large signal voltage gain 

RL>2kn VouT ±10V ±15V 

50 

200 


50 

200 


V/mV 



Over temperature 

25 



25 



V/mV 

Input capacitance 



1.4 



1.4 


PF 

Offset voltage adjustment 
range 



±15 



±15 


mV 


AC ELECTRICAL CHARACTERISTICS 


PARAMETER 

TEST CONDITIONS 

mA748 

iuA748C/SA748C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Transient response (unity gain) 

V|N = 20mV, Rl = 2ka 









Cl< lOOpF 








Rise time 

Cl = 30pF 


0.3 



0.3 


MS 

Overshoot 



5.0 



5.0 


% 

Slew rate 

Rl > 2ka Cl = 30pF 


0.5 



0.5 


V/mS 
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POWER CONSUMPTION 
AS A FUNCTION OF 
SUPPLY VOLTAGE 
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AS A FUNCTION OF 
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GENERAL PURPOSE OPERATIONAL AMPLIFIER 


/iA748/748C 


TYPICAL CHARACTERISTIC CURVES (Contd) 


Vs= ±15V 
Ta = 25“C 



10 100 Ik 10k 100k 
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SOURCE RESISTANCE — Q 


OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF 
FREQUENCY 


OPEN LOOP PHASE RESPONSE 
AS A FUNCTION OF 
FREQUENCY 
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AS A FUNCTION OF 
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ANALOG DIVISION 

MARCH 1982 

GENERAL PURPOSE OPERATIONAL AMPLIFIER 

mA748/748C 

TYPICAL CHARACTERISTIC CURVES (Contd) 



TRANSIENT RESPONSE VOLTAGE FOLLOWER FREQUENCY CHARACTERISTICS 

LARGE SIGNAL PULSE RESPONSE AS A FUNCTION OF 

SUPPLY VOLTAGE 



TIME — ;<S TIME —,<s SUPPLY VOLTAGE — ± V 


FREQUENCY CHARACTERISTICS OPEN LOOP VOLTAGE GAIN OUTPUT VOLTAGE SWING 

AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF 

AMBIENT TEMPERATURE SUPPLY VOLTAGE SUPPLY VOLTAGE 



TEMPERATURE - “C SUPPLY VOLTAGE - ± V SUPPLY VOLTAGE - ±V 
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ANALOG DIVISION 


MARCH 1982 


VIDEO AMPLIFIER 


NE/SE592 


DESCRIPTION 

The SE/NE592 is a monolithic, two stage, 
differential output, wideband video amplifi¬ 
er. It offers fixed gains of 100 and 400 
without external components and adjust¬ 
able gains from 400 to 0 with one external 
resistor. The input stage has been designed 
so that with the addition of a few external 
reactive elements between the gain select 
terminals, the circuit can function as a high 
pass, low pass, or band pass filter. This 
feature makes the circuit ideal for use as a 
video or pulse amplifier in communications, 
magnetic memories, display, video recorder 
systems, and floppy disc head amplifiers. 
The 592 is a pin-for-pin replacement for the 
juA733. 

ABSOLUTE MAXIMUM RATINGS 


FEATURES 

• 120MHz bandwidth 

• Adjustable gains from 0 to 400 

• Adjustable pass band 

• No frequency compensation required 

• Wave shaping with minimal external 
components 


Ta = 25°C unless otherwise specified. 


PIN CONFIGURATION 


D,F,N PACKAGE 



ORDER NUMBERS 

NE592D NE592N 

NE592F SE592F 


H PACKAGE* 

G2A gain select 



Pin 5 connected to case. 

ORDER NUMBERS 

NE592H SE592H 

*Metal cans (H) not recommended for new de¬ 
signs. 


PARAMETER 

RATING 

UNIT 

Supply voltage 

±8 

V 

Differential input voltage 

±5 

V 

Common mode 



Input voltage 

±6 

V 

Output current 

10 

mA 

Operating temperature range 



SE592K 

-55 to +125 

°C 

NE592K 

0 to +70 

°C 

Storage temperature range 

-65 to +150 

°C 

Power dissipation 

500 

mW 


EQUIVALENT CIRCUIT 
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ANALOG DIVISION 


MARCH 1982 


VIDEO AMPLIFIER 


NE/SE592 


DC ELECTRICAL CHARACTERISTICS Ta= +25*C,Vs= ±6V,Vcm = 0 unless otherwise specified. 

Recommended operating supply voltages Vs= ± 6.0V 


PARAMETER 

TEST CONDITIONS 

NE592 

SE592 

UNITS 

Min 

Typ 

Max 

Min 

Typ 

Max 

Differential voltage gain 









Gain 1^ 

R|_=2kQ, Vquj= 3V p-p 

250 

400 

600 

300 

400 

500 

V/V 

Gain 2^ 

80 

100 

120 

90 

100 

110 

V/V 

Bandwidth 









Gain 1^ 



40 



40 


MHz 

Qa\r\2^ 

Rise Time 



90 



90 


MHz 

Gain 1^ 

VouT=1V p-p 


10.5 



10.5 


ns 

Gain 2^ 



4.5 

12 


4.5 

10 

ns 

Propagation delay 

■miH 








Gain 



7.5 





ns 

Gain 2^ 



6.0 

10 




ns 

Input resistance 









Gain 



4.0 



4.0 


kfi 

Gain 2^ 


10 

30 


20 

30 


kU 

Input capacitance^ 

Gain 2 


2.0 



2.0 


PF 

Input offset current 



0.4 

5.0 


0.4 


fiA 

Input bias current 



9.0 

30 


9.0 


/iA 

Input noise voltage 

BWIkHz to 10MHz 


12 



12 


^Vrms 

Input voltage range 




±1.0 




V 

Common mode rejection ratio 









Gain 2 

VCM±1V,F < 100kHz 

60 

86 


60 

86 


dB 

Gain 2 

Suppiy voltage rejection ratio 

VCM±1V,F = 5MHz 


60 



60 


dB 

Gain 2 

AVS=±0.5V 

50 

70 


50 

70 


dB 

Output offset voltage 









Gain 2^ 

Rl= 00 


0.35 

0.75 


0.35 


V 

Output common mode voltage 

Rl= 00 

2.4 

2.9 

3.4 

2.4 

2.9 


V 

Output voltage swing differential 

Rl= 2 K 

3.0 

4.0 


3.0 

4.0 



Output resistance 



20 



20 


Q 

Power supply current 

Rl= 00 


18 

24 


18 

24 

mA 

THE FOLLOWING SPECS APPLY OVER TEMPERATURE 

0®C < Ta < 70®c 

-55®C 

VI 

< 

1 - 

VI 

125®C 


Differential voltage gain 









Gain 

R|_ = 2kfll, Vquj= 3V p-p 

250 


600 

200 


600 


Gain 2^ 

80 


120 

80 

mm 

120 

m&m 

Input resistance 









Gain 2^ 


8.0 



8.0 



kU 

Input offset current 




6.0 



5.0 

fiA 

Input bias current 




40 



40 

nA 

Input voltage range 


±1.0 



±1.0 



V 

Common mode rejection ratio 

Gain 2 

Supply voltage rejection ratio 

VCM±1V,F < 100kHz 

50 



50 



dB 

Gain 2 

AVS= ±0.5V 

50 



50 



dB 

Output offset voltage 






■mi 



Gain 2^ 

Rl= 00 



0.75 




V 

Output voltage swing differential 

Rl= 2 K 

2.5 



2.5 



V 

Power supply current 

Rl= 00 



27 


mim 


mA 


NOTES 

1. Gain select pins G-ja and Gig connected together. 

2. Gain select pins G 2 A and G 2 B connected together. 

3. All gain select pins open. 
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VIDEO AMPLIFIER 


MARCH 1982 

NE/SE592 


TYPICAL PERFORMANCE CHARACTERISTICS 


COMMON MODE REJECTION 
RATIO AS A FUNCTION OF FREQUENCY 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF FREQUENCY 


PULSE RESPONSE 


llllllllilll 

■iiSSIIIIIII 

■■IllliS! 
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TIME—ns 


DIFFERENTIAL OVERDRIVE 
RECOVERY TIME 


PULSE RESPONSE AS A 
FUNCTION OF 
SUPPLY VOLTAGE 


PULSE RESPONSE AS A 
FUNCTION OF 
TEMPERATURE 




-15 -10 -5 0 5 10 15 20 25 30 35 

TIME-ns 



VOLTAGE GAIN AS A 
FUNCTION OF 
TEMPERATURE 


GAIN vs FREQUENCY 
AS A FUNCTION OF 
TEMPERATURE 


VOLTAGE GAIN AS A 
FUNCTION OF 
SUPPLY VOLTAGE 


mil 
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MARCH 1982 

VIDEO AMPLIFIER 

NE/SE592 

TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 



GAIN vs FREQUENCY 
AS A FUNCTION OF 
SUPPLY VOLTAGE 



SUPPLY CURRENT 
AS A FUNCTION 
OF TEMPERATURE 


1 19 
I 
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TEMPERATURE- 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
LOAD RESISTANCE 







TT- 

±6V 
25° C 





n 
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III 


ill 

11 

III 


III 


III 

II 

III 


IIS 


III 

II 

III 


VOLTAGE GAIN 
ADJUST CIRCUIT 


50 100 500 Ik 5k 10k 

LOAD RESISTANCE—n 



SUPPLY CURRENT 
AS A FUNCTION 
OF SUPPLY VOLTAGE 



INPUT RESISTANCE 
AS A FUNCTION OF 
TEMPERATURE 



VOLTAGE GAIN 
AS A FUNCTION OF 
RADJ (FIGURE 3) 



OUTPUT VOLTAGE AND 
CURRENT SWING AS 
A FUNCTION OF 
SUPPLY VOLTAGE 



INPUT NOISE VOLTAGE 
AS A FUNCTION OF 
SOURCE RESISTANCE 
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VIDEO AMPLIFIER 


NE/SE592 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont d) 


TEST CIRCUITS Ta = 25°C unless 
otherwise specified 


PHASE SHIFT AS A 
FUNCTION OF FREQUENCY 



123456789 10 

FREQUENCY-MHz 


VOLTAGE GAIN AS A 
FUNCTION OF FREQUENCY 



PHASE SHIFT AS A 
FUNCTION OF FREQUENCY 



VOLTAGE GAIN AS A 
FUNCTION OF FREQUENCY 
(ALL GAIN SELECT PINS OPEN) 
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VIDEO AMPLIFIER 


NE/SE592 


TYPICAL APPLICATIONS 


FILTER NETWORKS 


592 > Vo 


Vo(s) 1.4X104 

Vi (s) Z(s) + 2re 

1.4 X 104 
Z(s) + 32 


R L C 


BAND PASS 


Vo (S) TRANSFER 
Vi (s) FUNCTION 


1.4X104 . 1 

L s + R/L 


1.4X104 s 

R s + 1/RC 


1.4X104 s 

L s2 + R/L s + 1/LC 


BASIC CONFIGURATION 


BAND REJECT 


1.4X104 S2 + 1/LC 
R s2 + 1/LC + s/RC 


In the networks above, the R value used is 
assumed to include 2re, or approximately 32n. 


DISC/TAPE PHASE MODULATED READBACK SYSTEMS 


l’“l- 

_11^_111 1 

_|L_; 

rrn> 

> 1 1 

II ' 

1' ^ 

0 < 

j 

|3U-. 

> 1 

L 1 


DIFFERENTIATOR/AMPLIFIER ^ ZERO CROSSING DETECTOR 


DIFFERENTIATION WITH 
HIGH COMMON MODE 
NOISE REJECTION 





FOR FREQUENCY Fi << 1/2 tt (32) C 
Vo = 1.4X 104C.^ 
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DIFFERENTIAL VIDEO AMPLIFIER 




A733/733C 


DESCRIPTION 

The 733 is a monolithic differential input, 
differential output, wideband video amplifi¬ 
er. It offers fixed gains of 10,100 or 400 
without external components, and ad¬ 
justable gains from 10 to 400 by the use of an 
external resistor. No external frequency 
compensation components are required for 
any gain option. Gain stability, wide band¬ 
width and low phase distortion are obtained 
through use of the classic series-shunt 
feedback from the emitter follower outputs 
to the inputs of the second stage. The emit¬ 
ter follower outputs provide low output im¬ 
pedance, and enable the device to drive ca¬ 
pacitive loads. The 733 is intended for use as 
a high performance video and pulse amplifi¬ 
er in communications, magnetic memories, 
display and video recorder systems. 


FEATURES 

• 120MHz bandwidth 

• 250kn input resistance 

• Selectable gains of 10,100 and 400 

• No frequency compensation required 

• Mil std 883A,B,C available 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Differential input 

±5 

V 

Voltage 



Common mode input 

±6 

V 

Voltage 



Vcc 

±8 

V 

Ouput current 

10 

mA 

Junction temperature 

+150 

‘’C 

Storage temperature range 

-65 to +150 

“C 

Operation temperature range 



)uA733C 

0 to +75 

“C 

mA733 

-55 to +125 

°C 

Pd Power dissipation 



K package 

500 

mW 

N, F package 

670 

mW 



CIRCUIT SCHEMATIC 
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DIFFERENTIAL VIDEO AMPLIFIER 


/xA733/733e 


DC ELECTRrCAL CHARACTERrSTICS Ta = +25°C, Vs = ±V, VCM = 0 unless otherwise specified. 

Recommended operating supply voltages Vs = ±6.0V. 


PARAMETER 

TEST CONDITIONS 

/xA733C 

mA733 

UNITS 

Min 

Typ 

Max 

Min 

Typ 

Max 

Differential voltage gain 









Gain l"* 


250 

400 

600 

300 

400 

500 

v/v 

Gain 2^ 

Ri = 2kn, VouT = 3Vp-p 

80 

100 

120 

90 

100 

110 

v/v 

Gain 3^ 


8.0 

10 

12 

9.0 

10 

11 

v/v 

Bandwidth 









Gain I"* 



40 



40 


MHz 

Gain 2^ 



90 



90 


MHz 

Gain 3^ 



120 



120 


MHz 

Rise time 









Gain I"* 



10.5 



10.5 


ns 

Gain 2^ 

VouT = IVp-p 


4.5 

12 


4.5 

10 

ns 

Gain 3^ 



2.5 



2.5 


ns 

Propagation delay 









Gain l"* 



7.5 



7.5 


ns 

Gain 2^ 

VouT = IVp-p 


6.0 

10 


6.0 

10 

ns 

Gain 3^ 



3.6 



3.6 


ns 

Input resistance 









Gain I"* 



4.0 



4.0 


ka 

Gain 22 


10 

30 


20 

30 


ka 

Gain 3^ 



250 



250 


ka 

Input caoacitance2 

Gain 2 


2.0 



2.0 


pF 

Input offset current 



0.4 

5.0 


0.4 

3.0 

mA 

Input bias current 



9.0 

30 


9.0 

20 

mA 

Input noise voltage 

BW = 1kHz to lOMHz 


12 



12 


yitVrms 

Input voltage range 


±1.0 



±1.0 



V 

Common mode 









Rejection ratio 









Gain 2 

VCM = ±V,f< 100kHz 

60 

86 


60 

86 


dB 

Gain 2 

VCM = ±1V,F = 5MHz 


60 



60 


dB 

Supply voltage 









Rejection ratio 









Gain 2 

AVs = ±0.5V 

50 

70 


50 

70 


dB 

Output offset voltage 









Gain I"* 

Rl = «> 


0.6 

1.5 


0.6 

1.5 

V 

Gain 2 and 32-3 



0.35 

1.5 


0.35 

1.0 

V 

Output common mode voltage 

Rl= 00 

2.4 

2.9 

3.4 

2.4 

2.9 

3.4 

V 

Output voltage swing, differential 

Rl = 2k 

3.0 

4.0 


3.0 

4.0 



Output sink current 


2.5 

3.6 


2.5 

3.6 


mA 

Output resistance 



20 



20 


a 

Power supply current 

Rl ± « 


18 

24 


18 

24 

mA 


NOTES 

1. Gain select pins Gia and Gib connected together. 

2. Gain select pins G 2 a and G 2 B connected together. 

3. All gain select pins open. 
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DIFFERENTIAL VIDEO AMPLIFIER 

/lA733/733C 

TYPICAL PERFORMANCE CHARACTERISTICS 



PHASE SHIFT AS A 
FUNCTION OF FREQUENCY 
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Ta= 25"C 


FREQUENCY-MHz 


COMMON MODE REJECTION 
RATIO AS A FUNCTION 
OF FREQUENCY 
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Ta = 25° C] 
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ANALOG DIVISION 

MARCH 1982 

DIFFERENTIAL VIDEO AMPLIFIER 

/rA733/733C 

TYPICAL PERFORMANCE CHARACTERISTICS (Cent d) 



VOLTAGE GAIN 
AS A FUNCTION 
OF TEMPERATURE 


GAIN vs FREQUENCY 
AS A FUNCTION 
OF TEMPERATURE 



TEMPERATURE-°C 


GAIN vs FREQUENCY 
AS A FUNCTION 
OF SUPPLY VOLTAGE 



SUPPLY CURRENT 
AS A FUNCTION 
OF TEMPERATURE 




VOLTAGE GAIN 
ADJUST CIRCUIT 



(Pin numbers apply to K Package) 

SUPPLY CURRENT 
AS A FUNCTION 
OF SUPPLY VOLTAGE 


TEMPERATURE-" C 



VOLTAGE GAIN 
AS A FUNCTION 
OF SUPPLY VOLTAGE 



SUPPLY VOLTAGE - ±V 


VOLTAGE GAIN 
AS A FUNCTION 
OF RADJ (FIGURE 3) 



OUTPUT VOLTAGE AND 
CURRENT SWING AS A 
FUNCTION OF 
SUPPLY VOLTAGE 
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DIFFERENTIAL VIDEO AMPLIFIER A733/733C 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont d) 



TEST CIRCUITS Ta = 25°C unless otherwise specified. 
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TIMER 


NE/SE555/SE555C 


DESCRIPTION 

The 555 monolithic timing circuit is a highly 
stable controller capable of producing ac¬ 
curate time delays, or oscillation. In thetime 
delay mode of operation, the time is precise¬ 
ly controlled by one external resistor and 
capacitor. For a stable operation as an oscil¬ 
lator, the free running frequency and the 
duty cycle are both accurately controlled 
with two external resistors and one capaci¬ 
tor. The circuit may be triggered and reset 
on falling waveforms, and the output struc¬ 
ture can source or sink up to 200mA. 


FEATURES 

• Turn off time less than 2/us 

• Maximum operating frequency greater 
than 500kHz 

• Timing from microseconds to hours 

• Operates in both astabie and monostable 
modes 

• High output current 

• Adjustable duty cycle 

• TTL compatible 

• Temperature stability of 0.005% per °C 

APPLICATIONS 

• Precision timing 

• Pulse generation 

• Sequential timing 

• Time delay generation 

• Pulse width modulation 

• Pulse position modulation 

• Missing puise detector 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 



SE555 

+18 

V 

NE555, SE555C, 

+16 

V 

Power dissipation 

600 

mW 

Operating temperature range 



NE555 

0 to +70 


SE555, SE555C 

-55 to +125 

“C 

Storage temperature range 

-65 to +150 

°C 

Lead temperature (soldering, 60sec) 

300 



EQUIVALENT SCHEMATIC 



PIN CONFIGURATIONS 


D, N, FE PACKAGE 


GROUND [T 


m Vcc 

TRIGGER [T 


DISCHARGE 

OUTPUT [T 


Tl THRESHOLD 

RESET [T 


"gn CONTROL 
-' VOLTAGE 


TOP VIEW 
ORDER NUMBERS 

NE/SE555N,FE NE555D 
SE555CN,CFE 


F PACKAGE 



ORDER NUMBERS 

NE/SE555F SE555CF 


Vcc 

NC 

DISCHARGE 

NC 

THRESHOLD 

NC 

CONTROL 

VOLTAGE 


BLOCK DIAGRAM 



OUTPUT GROUND 


Signetics 


5-3 










ANALOG DIVISION 


MARCH 1982 


TIMER 


NE/SE555/SE555C 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = +5V to +15 unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE555 

NE555/SE555C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Supply voltage 


4.5 


18 

4.5 


16 

V 

Supply current (low state)i 

Vcc = 5V Rl = «> 


3 

5 


3 

6 

mA 


Vcc = 15V Rl = « 


10 

12 


10 

15 

mA 

Timing error (monostable) 

RA = 2Knto lOOKO 








Initial accuracy2 

O 

II 

p 

*n 


0.5 

2.0 


1.0 

3.0 

% 

Drift with temperature 



30 

100 


50 


ppm/®C 

Drift with supply voltage 



0.05 

0.2 


0.1 

0.5 

%/M 

Timing error (astable) 

Ra, RB = 1ka to lOOkn 








Initial accuracys. 

C = 0.1mF 


1.5 



2.25 


% 

Drift with temperature 

Vcc =15V 


90 



150 


ppm/°C 

Drift with supply voltage 



0.15 



0.3 


%/M 

Control voltage level 

< 

o 

o 

II 

CJl 

< 

9.6 

10.0 

10.4 

9.0 

10.0 

11.0 

V 


Vcc = 5V 

2.9 

3.33 

3.8 

2.6 

3.33 

4.0 

V 

Threshold voltage 

Vcc =15V 

9.4 

10.0 

10.6 

8.8 

10.0 

11.2 

V 


Vcc = 5V 

2.7 

3.33 

4.0 

2.4 

3.33 

4.2 

V 

Threshold currents 



0.1 

0.25 


0.1 

0.25 

mA 

Trigger voltage 

Vcc = 15V 

4.8 

5.0 

5.2 

4.5 

5.0 

5.6 

V 


Vcc = 5V 

1.45 

1.67 

1.9 

1.1 

1.67 

2.2 

V 

Trigger current 

Vtrig = OV 


0.5 

0.9 


0.5 

2.0 

mA 

Reset voltage4 


0.4 

0.7 

1.0 

0.4 

0.7 

1.0 

V 

Reset current 



0.1 

0.4 


0.1 

0.4 

mA 

Reset current 

Vreset = OV 


0.4 

1.0 


0.4 

1.5 

mA 

Output voltage (low) 

Vcc = 15V 









IsiNK = 10mA 


0.1 

0.15 


0.1 

0.25 

V 


IsiNK = 50mA 


0.4 

0.5 


0.4 

0.75 

V 


IsiNK = 100mA 


2.0 

2.2 


2.0 

2.5 

V 


IsiNK = 200mA 


2.5 



2.5 


V 


Vcc = 5V 









IsiNK = 8mA 


0.1 

0.25 


0.3 

0.4 1 

V 


IsiNK = 5mA 


0.05 

0.2 


0.25 

0.35 

V 

Output voltage (high) 

Vcc = 15V 









IsouRCE = 200mA 


12.5 



12.5 


V 


IsouRCE = 100mA 

13.0 

13.3 


12.75 

13.3 


V 


> 

10 

11 

o 

o 

> 









IsouRCE = 100mA 

3.0 

3.3 


2.75 

3.3 


V 

Turn off times 

Vreset = Vcc 


0.5 

2.0 


0.5 


flS 

Rise time of output 



100 

200 


100 

300 

ns 

Fall time of output 



100 

200 


100 

300 

ns 

Discharge leakage current 



20 

100 


20 

100 

na 


NOTES 


1. Supply current when output high typically 1mA less. 

2. Tested at Vcc = 5V and Vcc = 15V. 

3. This will determine the maximum value of Ra + Rb. for 15V operation, the max total 
R = 10 megohm, and for 5V operation, the max total R = 3.4 megohm. 

4. Specified with trigger input high. 

5. Time measured from a positive going input pulse from 0 to 0.8 x Vcc into the threshold 
to the drop from high to low of the output. Trigger is tied to threshold. 
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TIMER 

NE/SE555/SE555C 

TYPICAL PERFORMANCE CHARACTERISTICS 



MINIMUM PULSE WIDTH 
REQUIRED FOR TRIGGERING 




1.0 2.0 5.0 10 20 

IsiNK — niA 


HIGH OUTPUT VOLTAGE DROP 
vs OUTPUT SOURCE CURRENT 



5.0 10 20 

ISOURCE — mA 


SUPPLY CURRENT 
vs SUPPLY VOLTAGE 


LOWEST VOLTAGE LEVEL OF TRIGGER PULSE 


LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 



10.0 15.0 

SUPPLY VOLTAGE — VOLTS 


LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 



1.0 2.0 5.0 10 20 

•sink — mA 


DELAY TIME vs 
SUPPLY VOLTAGE 


1.015 

1.010 

1.005 

1.000 

0.995 

0.990 

0.985 


5 10 15 

SUPPLY VOLTAGE — V 


DELAY TIME 
vs TEMPERATURE 


1.005 

1.000 

0.995 

0.990 

0.985 


-50 -25 0 +25 +50 +75 + 100 + 125 

TEMPERATURE - °C 


LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 



5.0 10 20 

•sink — TIA 


PROPAGATION DELAY 
vs VOLTAGE LEVEL 
OF TRIGGER PULSE 



LOWEST VOLTAGE LEVEL 
OF TRIGGER PULSE - XVcc 
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ANALOG DIVISION 


MARCH 1982 


DUAL TIMER 


NE/SA/SE556 


DESCRIPTION 

The 556 Dual Monolithic timing circuit is a 
highly stable controller capable of produc¬ 
ing accurate time delays or oscillation. The 
556 is a dual 555. Timing is provided by an 
external resistor and capacitor for each 
timing function. The two timers operate 
independently of each other sharing only 
Vcc and ground. The circuits may be trig¬ 
gered and reset on falling waveforms. The 
output structures may sink or source 
200mA. 

APPLICATIONS 

• Precision timing 

• Sequential timing 

• Pulse shaping 

• Pulse generator 

• Missing pulse detector 

• Tone burst generator 

• Pulse width modulation 

• Time delay generator 

• Frequency division 

• Industrial controls 

• Pulse position modulation 

• Appliance timing 

• Traffic light control 

• Touch tone encoder 


FEATURES 

• Timing from microseconds to hours 

• Replaces two 555 timers 

• Operates In both astable and monostable 
modes 

• High output current 

• Adjustable duty cycle 

• TTL compatible 

• Temperature stability of 0.005% per ‘'C 

• SE566 MIL STD 883A, B, C available, 
N38510 (JAN planned, 38510 processing 
available). 


BLOCK DIAGRAM 


PIN CONFIGURATION 


D,F,N PACKAGE 

DISCHARGE [T 


m^cc 

THRESHOLD [F 


Ts] DISCHARGE 

CONTROL 
VOLTAGE ' —- 
RESET [T 

OUTPUT [F 


IT] THRESHOLD 

^ CONTROL 
-LLJ VOLTAGE 

7o1 RESET 

TRIGGER [T 


FI OUTPUT 

GROUND[T 


F| TRIGGER 


TOP VIEW 


ORDER NUMBERS 

NE/SE556F,N NE556D 

SA556N SE556CN 



DISCHARGE 

THRESHOLD 

CONTROL VOLTAGE 
RESET 


OUTPUT 


TRIGGER 


EQUIVALENT SCHEMATIC (Shown for one circuit only) 


FM 
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DUAL TIMER 


NE/SA/SE556 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 



NE/SA556, SE556C 

+16 

V 

SE556 

+18 

V 

Power dissipation 

600 

mW 

Operating temperature range 



NE556 

0 to +70 

®C 

SA556 

-40 to +85 

®C 

SE556. SE556C 

-55 to +125 

®C 

Storage temperature range 

-65 to +150 

®C 

Lead temperature 

+300 

®C 

(Soldering, 60 sec) 




ELECTRICAL CHARACTERISTICS Ta = 25®C, Vcc = +5V to +15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE556 

NE/SA556/SE556C 

UNITS 

Min 

Typ 

Max 

Min 

Typ 

Max 

Supply voltage 


4.5 


18 

4.5 


16 

V 

Supply current (low state)i 

Vcc = 5V Rl = 


6 

10 


6 

12 

mA 


Vcc = 15V Rl = «> 


20 

24 


20 

30 

mA 

Timing error (monostable) 

Ra = 2kn to lOOka 








Initial accuracy2 

0 

II 

p 

~n 


0.5 

1.5 


0.75 

3.0 

% 

Drift with temperature 



30 

100 


50 


ppm/°C 

Drift with supply voltage 



0.05 

0.2 


0.1 

0.5 

%/V 

Timing error (astable) 

Ra, Rb= Ika to lOOka 








Initial accuracy2 

C = 0.VF 


1.5 



2.25 


% 

Drift with temperature 

Vcc =15V 


90 



150 


ppm/®C 

Drift with supply voltage 



0.15 



0.3 


%/V 

Control voltage level 

Vcc = 15V 

9.6 

10.0 

10.4 

9.0 

10.0 

11.0 

V 


Vcc = 5V 

2.9 

3.33 

3.8 

2.6 

3.33 

4.0 

V 

Threshold voltage 

Vcc =15V 

9.4 

10.0 

10.6 

8.8 

10.0 

11.2 

V 


Vcc = 5V 

2.7 

3.33 

4.0 

2.4 

3.33 

4.2 

V 

Threshold currents 



30 

250 


30 

250 

nA 

Trigger voltage 

Vcc =15V 

4.8 

5.0 

5.2 

4.5 

5.0 

5.6 

V 


Vcc = 5V 

1.45 

1.67 

1.9 

1.1 

1.67 

2.2 

V 

Trigger current 

Vtrig = OV 


0.5 

0.9 


0.5 

2.0 

mA 

Reset voltages 


0.4 

0.7 

1.0 

0.4 

0.7 

1.0 

V 

Reset current 



0.1 

0.4 


0.1 

0.6 

mA 

Reset current 

Vreset = OV 


0.4 

1.0 


0.4 

1.5 

mA 

Output voltage (low) 

Vcc =15V 
•sink = 10mA 


0.1 

0.15 


0.1 

0.25 

V 


•sink = 50mA 


0.4 

0.5 


0.4 

0.75 

V 


IsiNK = 100mA 


2.0 

2.25 


2.0 

3.2 

V 


IsiNK = 200mA 


2.5 



2.5 


V 


Vcc = 5V 

IsiNK = 8mA 


0.1 

0.2 


0.25 

0.3 

V 


IsiNK = 5mA 


0.05 

0.15 


0.15 

0.25 

V 

Output voltage (high) 

Vcc = 15V 

IsouRCE = 200mA 


12.5 



12.5 


V 


(source = 100mA 

13.0 

13.3 


12.75 

13.3 


V 


Vcc = 5V 









IsouRCE = 100mA 

3.0 

3.3 


2.75 

3.3 


V 

Rise time of output 



100 

200 


100 

300 

ns 

Fall time of output 



100 

200 


100 

300 

ns 

Discharge leakage current 



20 

100 


20 

100 

nA 

Matching characteristics4 

' 








Initial accuracy^ 



0.5 

1.0 


1.0 

2.0 

% 

Drift with temperature 



10 



10 


ppm/®C 

Drift with supply voltage 

_1 


0.1 

0.2 


0.2 

0.5 

%/V 


NOTES See following page 
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DUAL TIMER 


NE/SA/SE556 


NOTES 

1. Supply current when output is high is typically 1.0mA less. 

2. Tested at Vcc = 5V and Vcc = 15V. 

3. This will determine the maximum value of Ra + Rb- For 15V operation, the maximum 
total R = 10 meg-ohms, and for 5V operation, the max. total R = 3.4 meg-ohms. 


4. Matching charactristics refer to the difference between performance characteristics 
for each timer section in the monostable mode. 

5. Specified with trigger input high. 


TYPICAL PERFORMANCE CHARACTERISTICS 


MINIMUM PULSE WIDTH 
REQUIRED FOR TRIGGERING 


SUPPLY CURRENT 
vs SUPPLY VOLTAGE 


HIGH OUTPUT VOLTAGE DROP 
vs OUTPUT SOURCE CURRENT 



LOWEST VOLTAGE LEVEL OF TRIGGER PULSE 


SUPPLY VOLTAGE — VOLTS 


•source — niA 


LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 


LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 


LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 



1.0 2.0 5.0 10 20 50 100 



1.0 2.0 5.0 10 20 50 100 



1.0 2.0 5.0 10 20 50 100 


•sink — 


•sink — »nA 


•sink — mA 


DELAY TIME 
VS TEMPERATURE 


DELAY TIME vs 
SUPPLY VOLTAGE 


PROPAGATION DELAY 
vs VOLTAGE LEVEL 
OF TRIGGER PULSE 



-50 -25 0 +25 +50 +75 + 100 + 125 




0 0.1 0.2 0.3 0.4 


TEMPERATURE - “C 


SUPPLY VOLTAGE - V LOWEST VOLTAGE LEVEL 

OF TRIGGER PULSE - XVcc 
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DUAL TIMER 


NE/SA/SE556-1/SE556-1C 


DESCRIPTION 

The 556-1 Dual Monolithic timing circuit 
is a highly stable controller capable of pro¬ 
ducing accurate time delays or oscillation. 
The 556-1 is a dual 555. Timing is provided 
by an external resistor and capacitor for 
each timing function. The two timers oper¬ 
ate independently of each other sharing 
only Vcc and ground. The circuits may be 
triggered and reset on falling waveforms. 
The output structures may sink or source 
200mA. 

APPLICATIONS 

• Precision timing 

• Sequentiai timing 

• Pulse shaping 

• Pulse generator 

• Missing pulse detector 

• Tone burst generator 

• Pulse width modulation 

• Time delay generator 

• Frequency division 

• Industrial controls 

• Pulse position modulation 

• Appliance timing 

• Traffic light control 

• Touch tone encoder 


FEATURES 

• Turn off time less than 2)uS 

• Maximum operating frequency greater 
than 500kHz 

• Timing from microseconds to hours 

• Replaces two 555 timers 

• Operates in both astabie and monostable 
modes 

• High output current 

• Adjustable duty cycle 

• TTL compatible 

• Temperature stability of 0.005% per °C 


BLOCK DIAGRAM 


PIN CONFIGURATION 


F,N PACKAGE 

DISCHARGE [T 


2i}^cc 

THRESHOLD [T 


Tsl DISCHARGE 

CONTROL pr 
VOLTAGE 

RESET [T 


~iT| THRESHOLD 

771 CONTROL 
-LU VOLTAGE 

OUTPUT [T 


T0I RESET 

TRIGGER [F 


Tl OUTPUT 

GROUND [T 


~ 8~1 TRIGGER 


TOP VIEW 


ORDER NUMBERS 

NE/SA/SE556-1F,N SE556-1CF,CN 



EQUIVALENT SCHEMATIC (Shown for one circuit only) 


FM 
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DUAL TIMER 


NE/SA/SE556-1/SE556-1C 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 



NE/SA556-1, SE556-1C 

+16 

V 

SE556-1 

+18 

V 

Power dissipation 

1.20 

w 

Operating temperature range 



NE/SA556-1 

0 to +70 

®c 

SA556-1 

—40 to +85 

®c 

SE556-1, SE556-1C 

-55 to +125 

®c 

Storage temperature range 

-65 to +150 

®c 

Lead temperature 



(soldering, 60 sec) 

+300 

®c 


ELECTRICAL CHARACTERISTICS Ta = 25®C, Vcc = +5V to +15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE556-1 

NE556-1/SE556-1C 

UNITS 

Min 

Typ 

Max 

Min 

Typ 

Max 

Supply voltage 


4.5 


18 

4.5 


16 

V 

Supply current (low state)i 

Vcc = 5V Rl = <» 


6 

10 


6 

12 

mA 


Vcc = 15V Rl = « 


20 

24 


20 

30 

mA 

Timing error (monostable) 

Ra = 2kn to lOOkn 








Initial accuracy2 

u. 

3. 

d 

II 

O 


0.5 

1.5 


0.75 

3.0 

% 

Drift with temperature 



30 

100 


50 


ppm/°C 

Drift with supply voltage 



0.05 

0.2 


0.1 

0.5 

%/V 

Timing error (astable) 

Ra, Rb = IkO to lOOkft 








Initial accuracy2 

C = 0.1mF 


1.5 



2.25 


% 

Drift with temperature 

Vcc = 15V 


90 



150 


ppm/°C 

Drift with supply voltage 



0.15 



0.3 


%/V 

Control voltage level 

Vcc =15V 

9.6 

10.0 

10.4 

9.0 

10.0 

11.0 

V 


Vcc = 5V 

2.9 

3.33 

3.8 

2.6 

3.33 

40 

V 

Threshold voltage 

< 

o 

o 

II 

cn 

< 

9.4 

10.0 

10.6 

8.8 

10.0 

11.2 

V 


Vcc = 5V 

2.7 

3.33 

4.0 

2.4 

3.33 

4.2 

V 

Threshold currents 



30 

250 


30 

250 

nA 

Trigger voltage 

Vcc =15V 

4.8 

5.0 

5.2 

4.5 

5.0 

5.6 

V 


Vcc = 5V 

1.45 

1.67 

1.9 

1.1 

1.67 

2.2 

V 

Trigger current 

Vtrig = OV 


0.5 

0.9 


0.5 

2.0 

mA 

Reset voltages 


0.4 

0.7 

1.0 

0.4 

0.7 

1.0 

V 

Reset current 



0.1 

0.4 


0.1 

0.6 

mA 

Reset current 

Vreset = OV 


0.4 

1.0 


0.4 

1.5 

mA 

Output voltage (low) 

Vcc = 15V 
lsiNK = 10mA 


0.1 

0.15 


0.1 

0.25 

V 


IsiNK = 50mA 


0.4 

0.5 


0.4 

0.75 

V 


IsiNK = 100mA 


0.8 

1.2 


2.0 

2.5 

V 


IsiNK = 200mA 


2.5 



2.5 


V 


Vcc = 5V 

IsiNK = 8mA 


0.1 

0.2 


0.25 

0.3 

V 


IsiNK = 5mA 


0.05 

0.15 


0.15 

0.25 

V 

Output voltage (high) 

Vcc = 15V 

IsouRCE = 200mA 


12.5 



12.5 


V 


IsouRCE = 100mA 

13.0 

13.3 


12.75 

13.3 


V 


Vcc = 5V 









IsouRCE = 100mA 

3.0 

3.3 


2.75 

3.3 


V 

Turn off times 

Vreset = Vcc 


0.5 

2.0 


0.5 


jUS 

Rise time of output 



100 

200 


100 

300 

ns 

Fall time of output 



100 

200 


100 

300 

ns 

Discharge leakage current 



20 

100 


20 

100 

nA 

Matching characteristics4 









Initial accuracy2 



0.5 

1.0 


1.0 

2.0 

% 

Drift with temperature 



±10 



±10 


ppm/®C 

Drift with supply voltage 



0.1 

0.2 


0.2 

0.5 

%/V 


NOTES 

See following page 
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DUAL TIMER 


NE/SA/SE556-1/SE556-1C 


NOTES 

1. Supply current when output is high is typically 1.0mA less, 

2. Tested at Vcc = 5V and Vcc = 15V. 

3. This will determine the maximum value of Ra + Rb. For 15V operation, the maximum 
total R = 10 megohms, and for 5V operation, the max. total R = 3.4 megohms. 


4. Matching characteristics refer to the difference between performance characteristics 
for each timer section in the monostable mode. 

5. Specified with trigger input high. 

6 . Time measured from a positive going input pulse from 0 to 0.8 Vcc into the threshold to 
fhp drop from high to low of the output. Trigger is tied to threshold. 


TYPICAL CHARACTERISTICS 


MINIMUM PULSE WIDTH 
REQUIRED FOR TRIGGERING 



0 0.1 0.2 0.3 0.4 

LOWEST VOLTAGE LEVEL OF TRIGGER PULSE 


LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 



1.0 2.0 5.0 10 20 50 100 


•sink — mA 


DELAY TIME 
vs TEMPERATURE 



-50 -25 0 +25 +50 +75 + 100 + 125 


TEMPERATURE — °C 


SUPPLY CURRENT 
vs SUPPLY VOLTAGE 



5.0 10.0 15.0 

SUPPLY VOLTAGE — VOLTS 


LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 



1.0 2.0 5.0 10 20 50 100 


IsiNK — niA 


DELAY TIME vs 
SUPPLY VOLTAGE 



0 5 10 15 20 


SUPPLY VOLTAGE - V 


HIGH OUTPUT VOLTAGE DROP 
vs OUTPUT SOURCE CURRENT 



1.0 2.0 5.0 10 20 50 100 

IsouRCE — mA 


LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 



1.0 2.0 5.0 10 20 50 100 


IsiNK — niA 


PROPAGATION DELAY 
vs VOLTAGE LEVEL 
OF TRIGGER PULSE 



0 0.1 0.2 0.3 0.4 

LOWEST VOLTAGE LEVEL 
OF TRIGGER PULSE - XVcc 
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QUAD TIMER 


NE/SA/SE558 


DESCRIPTION 

The 558 Quad Timers are monolithic timing 
devices which can be used to produce four 
entirely independent timing functions. The 
558 output sinks current. These highly sta¬ 
ble, general purpose controllers can be 
used in a monostable mode to produce 
accurate time delays, from microseconds to 
hours. In the time delay mode of operation, 
the time is precisely controlled by one exter¬ 
nal resistor and one capacitor. A stable 
operation can be achieved by using two of 
the four timer sections. 

The four timing sections in the 558 are edge 
triggered; therefore, when connected in 
tandem for sequential timing applications, 
no coupling capacitors are required. Output 
current capability of 100mA is provided in 
both devices. 

FEATURES 

• 100mA output current per section 

• Edge triggered (no coupiing capacitor) 

• Output independent of trigger conditions 

• Wide supply voltage range 4.5V to 18V 

• Timer intervals from microseconds to 
hours 

• Time period equals RC 

• Military qualifications pending 

APPLICATIONS 

• Sequential timing 

• Time delay generation 

• Precision timing 

• Industrial controls 

• Quad one-shot 


PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 



NE/SA558 

+16 

V 

SE558 

+18 

V 

Power dissipation 

1.25 

w 

Operating temperature range 



NE558 

0 to +70 

°c 

SA558 

-40 to +85 

°c 

SE558 

-55 to +125 

°c 

Storage temperature range 

-65 to +150 

°c 

Lead temperature (soldering, 60sec) 

+300 

°c 


558 EQUIVALENT CIRCUIT 


'^cc 
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MARCH 1982 


QUAD TIMER 


NE/SA/SE558 


ELECTRICAL CHARACTERISTICS Ta = 25° C, Vcc = +5V to +15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE558 

NE/SA558 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Supply voltage 


4.5 


18 

4.5 


16 

V 

Supply current 

Vcc = Reset = 15V 


21 

32 


27 

36 

mA 

Timing accuracy (T = RC) 

R = 2kn to lOOkn 









u. 

II 

O 








Initial accuracy 



1.0 

3 


2 


% 

Drift with temperature 



150 



150 


ppm/°C 

Drift with supply voltage 



0.1 



0.1 


%/V 

Trigger voltagei 

Vcc =15V 

0.8 

1.5 

2.4 

0.8 

1.5 

2.4 

V 

Trigger current 

Trigger = OV 


5 

30 


5 

100 

/.A 

Reset voltage2 


0.8 

1.5 

2.4 

0.8 

1.5 

2.4 

V 

Reset current 

Reset 


50 

300 


50 


mA . . 

Threshold voltage 



0.63 



0.63 


xVcc 

Threshold leakage 



15 



15 


nA 

Output voltages 

II = 10mA 


0.1 

0.2 


0.1 

0.4 

V 


II = 100mA 


0.7 

1.5 


1.0 

2.0 

V 

Output leakage 



10 



10 


nA 

Propagation delay 



1.0 



1.0 


MS 

Risetime of output 

II = 100mA 

j 

100 



100 


ns 

Falltime of output 

Il = 100mA 


100 



100 


ns 


NOTES 


1 . The trigger functions only on the falling edge of the trigger pulse only after previously 
being high. After reset the trigger must be brought high and then low to implement 
triggering. 

2. For reset below 0.8 volts, outputs set low and trigger inhibited. For reset above 2.4 
volts, trigger enabled. 

3. The 558 output structure is open collector which requires a pull up resistor to Vcc to 
sink current. The output is normally low sinking current. 
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VOLTAGE REGULATOR-SYMBOLS AND DEFINITIONS 


Ta 

Ambient temperature range. Range of the surrounding environment 
of the operating device. 

Tj 

Junction Temperature. The maximum temperature of the device. 
150®C is standard for silicon devices. 

TSTG 

storage temperature range. Temperature range that the device can 
be stored in a non-operating condition. 

TsOLD 

Soldering Temperature. The temperature which can be applied to 
the lead frame of the device for short periods of time (normally 
specified for a duration of 10 sec). 

Truth Tables 

0 is logic level low 
1 is logic level high 

X - don't care condition - has no effect under circuit conditions 
listed. 

Absolute Maximum Rating 

Operating safe zones exceeding these limits could cause perma¬ 
nent damage to the device and are not meant to imply that devices 
can operate at these limits. 

Power Dissipation 

The power that the device can safely handle at 25®C. The dissipa¬ 
tion must be derated as indicated for the individual package type. 

Package Type Designation 

See full package designations in Appendix. 

Vcc (-Vcc) 

Supply Voltage. The range of power supply voltage over which the 
device will operate safely. 

Line Reguiation 

Sometimes referred to as “static regulation”. This term refers to the 
changes in the output as the input is varied slowly from its rated 
minimum value to its rated maximum value (from 105 VACpi^S 
125 VACrms). Measured in mv/V. 

Load Regulation 

Sometimes referred to as “dynamic regulation”. This term refers to 
the changes in the output when load conditions are suddenly 
changed (from no load to full load). Measured in mv/V. 


Thermal Regulation 

Referred to as changes due to ambient variations or thermal drift. 
Also referred to as temperature coefficient, measured in ppm / ®C or 
mv/^C. 

Transient Response 

The ability of a regulator to respond to rapid changes in line vari¬ 
ations, load variations, or intermittent transient input conditions. 
(Transient Response is often referred to as “recovery time"). Mea¬ 
sured in milliseconds (ms). 

Voltage Limiting 

■Rie ability of the regulator to "shut down” in the event that the 
internal reference sources fail to function properly. Measured in 
Volts. 

Current Limiting 

The ability of the amplified segment to limit the output current of the 
device when safe operating limits are exceeded. Measured in am¬ 
peres (pre-determined). 

Thermal Shutdown 

The ability of the regulator to shut itself down when the maximum 
die temperature is exceeded. Measured in degrees Celsius (C). 

Power Dissipation 

The ability of the regulator to tolerate excessively high levels of 
input power while maintaining its operation within the safe operating 
area of its active devices. Measured in watts. 

Efficiency 

Regarding a regulator, the ratio of the total power input to the 
usable power output. Expressed as a percentage. (For example, if 
a regulator has a 50 watt input and a 40 watt output, its efficiency is 
80 percent). 

EMI/RFI 

(“Electromagnetic Interference/Radio Frequency Interference”) 
regarding regulators, magnetic field disturbance and radio frequen¬ 
cy interference signals generated especially by SMPS devices. 
Measurement is generally unspecified. 

Safe Operating Area Restriction (SOAR) 

Limits the output current of the amplifier to maintain safe (no ther¬ 
mal runaway) operating conditions. (Accomplished through internal 
sensor amplifiers). 

NOTE 

Refer to Section 4 of Analog Applications Manual for an in-depth explanation of Voltage 
Regulators 
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DESCRIPTION 


FEATURES 


The NE/SE5560 is a control circuit for use 
in switched mode power supplies. This 
single monolithic chip incorporates all the 
control and housekeeping (protection) 
functions required in switched mode 
power supplies, including an internal tem¬ 
perature compensated reference source, 
internal Zener reference, sawtooth genera¬ 
tor, pulse width modulator, output stage 
and various protection circuits. 


ABSOLUTE MAXIMUM RATINGS 


• stabilized power supply 

* Temperature compensated reference 
source 

* Sawtooth generator 

* Pulse width modulator 

• Remote on/off switching 

• Current limiting 

* Low supply voltage protection 

* Loop fault protection 

• Demagnetization/overvoltage 
protection 

• Maximum duty cycle adjustment 

* Feed forward control 

• External synchronization 


PARAMETER 

RATING 

UNIT 

Supply 



Voltage sourced 

-f18 

V 

Current sourced 

30 

mA 

Output transistor 



Output current 

40 

mA 

Collector voltage (Pin 15) 

-1-18 

V 

Max. emitter voltage (Pin 14) 

+5 

V 

Operating temperature (ambient) 



SE5560 

-55 to -1-125 

°C 

NE5560 

Oto 70 

°C 

Storage temperature range 

-65 to -H50 

°C 


PIN CONFIGURATION 

I D,F,N PACKAGE 


POSITIVE p— 
SUPPLY (IN)U- 
ZENER rr- 
VOLTAGE (Vz)L£- 
ERROR SENSE 

INPUT Li- 
GAIN ADJUST 
MODULATION [~5~ 

DUTVrg" 

CYCLE control'- 

OSCILLATOR (R)[T 

OSCILLATOR (C)[~8~ 


Tel FEEDFORWARD 
"iFI OUTPUT 

~m] output 

-—1 DEMAGNETIZATION/ 
iU OVERVOLTAGE 
—(NEGATIVE 
JLiJ SUPPLY (IN) 

—T CURRENT 
_L1I LIMITING 

^REMOTE ON/OFF 

-r-| EXTERNAL 
JLIsYNC INPUT 


TOP VIEW 
ORDER NUMBERS 

NE5560N SE5560F 

NE5560D SE5560N 

NE5560F 


BLOCK DIAGRAM 
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DC ELECTRICAL CHARACTERiSTiCS (Ta = 25”C, Vcc = 12V unless otherwise specified) 




SE5560 

NE5560 


PARAMETER 

TEST CONDITIONS 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

UNIT 

Reference Sections 

Over temp. 

3.65 


3.85 

3.53 


4.00 

V 

Internal reference voltage (V^ef) 

25^C 

3.69 

3.76 

3.81 

3.57 

3.76 

3.95 

V 

Internal Zener reference (Vz) 

lL = 7mA 

7.8 

8.4 

9.0 

7.8 

8.4 

9.0 

V 

Oscillator Section 









Frequency range 

Over temp. 

50 


100k 

50 


100k 

Hz 

Modulator 









Modulator input current 

Voltage at Pin 5 = 1V 


0.2 

20 


0.2 

20 

mA 


over temp. 








Housekeeping Function 









*Pin 6, input current 

Over temp. 


0.2 

20 


0.2 

20 

mA 

*Pin 6, duty cycle limit control 

(for 50% maximum 

40 

50 

60 

40 

50 

60 

% of 


duty cycle) 15kHz to 







duty 


50kHz/41 % of Vz 







cycle 

*Pin 1, low supply voltage 


Vz + 

Vz + 

Vz + 

Vz + 

Vz + 

Vz + 

V 

protection thresholds 


0.2 

7V 

1.7 V 

0.2 

7V 

1.7V 


*Pin 3, feedback loop protection 


470 

600 

720 

470 

600 

720 

mV 

trip threshold 









*Pin 3, pull up current 

Over temp. 


-15 

-35 


-15 

-35 

mA 

*Pin 13, demagnetization/over 


470 

600 

720 

470 

600 

720 

mA 

voltage protection trip on 









threshold 









*Pin 13, input current 

25"C 


0.6 

10 


0.6 

10 

fA 


Over temp. 



20 



20 

f^A 

Pin 16, feed forward duty 

Voltage at Pin 16 = 2Vz 


0.4 



0.4 


original 

cycle^ control 








duty 

cycle 

*Pin 16, feed forward input 

25X 


0.2 

5 


0.2 

5 

mA 

current 

Over temp. 



10 



10 

hA 

External Synchronization 









Pin 9 off 


0 


0.8 

0 


0.8 

V 

on 


2 


Vz 

2 


Vz 

V 

sink current 

Voltage at Pin 9 = OV, 









25"C 


-65 

-100 


-65 

-125 

hA 


Over temp. 



-125 



-125 

hA 

Remote 









*Pin 10 off 


0 

0.8 


0 

0.8 


V 

on 


2 

Vz 


2 

Vz 


V 

sink current 

25"C 


-85 

-100 


-85 

-125 

mA 


Over temp. 



-125 



-125 

mA 

Current Limiting 









*Pin 11, i||v| 

Voltage at Pin 11 = 









250mV, 25^0 


-2 

-10 


-2 

-10 

mA 


Over temp. 



-20 



- 


Trip Levels: 









Shut down, slow start 


0.560 

0.600 

0.700 

0.560 

0.600 

0.700 

V 

Current limit 


0.400 

0.48 

0.500 

0.400 

0.48 

0.500 

V 

Error Amplifier 









Output voltage swing (maximum) 


6.2 



6.2 



V 

Output voltage swing (minimum) 




0.7 


0.7 


V 

Open loop gain 


j 

60 



60 


dB 

Feedback resistor 


10k 


10k 




n 

Small signal bandwidth 



3 



3 


MHz 

Output Stage 









VcE (SAT) lc = 40mA 




0.5 


0.5 


V 

Output Current (Pin 15) 


40 



40 



mA 

Max emitter voltage (Pin 14) 


5 

6 


5 

6 


V 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT NE/SE5560 


DC ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 

TEST CONDITIONS 

SE5560 

NE5560 

UNIT 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Supply Voltage/Current 









•cc 

lz = 0, voltage fed, 









Vcc = 12V, 









25°C 



10 



10 

mA 


Over temp. 



15 



15 

mA 

Vcc 

lcc = lOmA, 









current feed 

20 


23 

19 


24 

V 

Vcc 

Ice = 30mA, 









current feed 

20 


30 

20 


30 

V 

Temperature coefficient of V^ef 



+ 75 



+ 75 


ppm/°C 

Temperature coefficient of V 2 



+ 150 



+ 150 


ppm/°C 

Initial accuracy 

R = 5kl2 


5 



5 


% 

Duty cycle range’ 

fo = 20kHz 

0 


98 

0 


98 

% 

Single pulse inhibit delay 

Inhibit delay time for 


0.7 

0.8 


0.7 

0.8 

MS 


20% overdrive at 









40mA Iqut 









TYPICAL PERFORMANCE CHARACTERISTICS 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT 

NE/SE5560 

TYPICAL PERFORMANCE CHARACTERISTICS (continued) 



GRAPH FOR DETERMINING d MAX 



y 8 MAX 


POWER DERATING CURVE 


Pd = Vcc 'CC + (VCC " Vz)lz 
+ [{Vi5-Vi4)li5 X DUTY CYCLE] S 



OPERATING CURVE 


REGULATION vs ERROR 
AMP CLOSED LOOP GAIN 



SOFT-START MIN DUTY CYCLE vs Ri + R2 



NE5560 VOLTAGE/CURRENT FED 
SUPPLY CHARACTERISTICS 


10 20 

V1.12 


TRANSFER CURVE OF PULSE WIDTH 
MODULATOR DUTY CYCLE vs INPUT VOLTAGE 


8 (%) 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT NE/SE5560 


TYPICAL PERFORMANCE CHARACTERISTICS (continued) 



DESCRIPTION of the NE5560 
BLOCK DIAGRAM 

The following functions are incorporated: 

— A temperature compensated reference 
source. 

— An error amplifier with pin 3 as input. 
The output is connected to pin 4 so that 
the gain is adjustable with external 
resistors. 

— A sawtooth generator with a TTL-com- 
patible synchronization input (pins 7,8,9). 

— A pulse-width modulator with a duty- 
cycle range from 0 to 95%. 

The PWM has two additional inputs: 

Pin 6 can be used for a precise setting of 
d max. 

Pin 5 gives a direct access to the modu¬ 
lator, allowing for real constant current 
operation: 

— A gate at the output of the PWM pro¬ 
vides a simple dynamic current limit. 

— A latch that is set by the flyback of the 
sawtooth and reset by the output pulse 
of the above-mentioned gate prohibits 
double pulsing. 

— Another latch functions as a start-stop 
circuit; it provides a fast switch-off and 
a slow start. 

— A current protection circuit that oper¬ 
ates via the start-stop circuit. This is a 
combined function with the current 


limit circuit, therefore pin 11 has two 
trip-on levels; the lower one for cycle- 
by-cycle current limiting, the upper one 
for current protection by means of 
switch-off and slow-start. 

— A TTL-compatible remote on/off input 
at pin 10, also operating via the start- 
stop circuit. 

— An inhibit input at pin 13. The output 
pulse can be inhibited immediately. 

— An output gate that is commanded by 
the latches and the inhibit circuit. 

— An output transistor of which both the 
collector (pin 15) and the emitter (pin 14) 
are externally available. This allows for 
normal or inverse output pulses. 

— A power supply that can be either volt¬ 
age or current driven (pins 1 and 12). 
The internally generated stabilized out¬ 
put voltage Vz is connected to pin 2. 

— A special function is the so-called feed¬ 
forward at pin 16. The amplitude of the 
sawtooth generator is modulated in 
such a way that the duty cycle becomes 
inversely proportional to the voltage on 
this pin: d~C/V16. 

— Loop fault protection circuits assure 
that the duty-cycle is reduced to zero or 
a low value for open or short-circuited 
feedback loops. 


Stabilized Power Supply 
(Pins 1, 2,12) 

The power supply of the NE5560 is of the 
well known series regulation type and pro¬ 
vides a stablized output voltage of typical¬ 
ly 8.5 volts. 

This voltage is also present at pin 2 and 
can be used for precise setting of d max. 
and to supply external circuitry. Its maxi¬ 
mum current capability is 5mA. 

The circuit can be fed directly from a DC 
voltage source between 10.5V and 18V or 
can be current driven via a limiting resistor. 
In the latter case, internal pinch-off resis¬ 
tors will limit the maximum supply voltage; 
typical 23V for 10mA and maximum 30V for 
30mA. 

The low supply voltage protection is active 
when V(1-12) is below 10.5V and Inhibits 
the output pulse. 

When the supply voltage surpasses the 
10.5V level, the 1C starts delivering output 
pulses via the slow-start function. 

The current consumption at 12V is less 
than 10mA, provided that no current is 
drawn from Vz and R(7-12) > 20kQ. 
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SWITCHED MODE POWER SUPPLY CONTROLLER NE/SE5561 


DESCRIPTION 

The NE5561/SE5561 is a control circuit for 
use in switched mode power supplies. It 
contains an internal tennperature compen¬ 
sated supply, PWM, sawtooth oscillator, 
over-current sense latch, and output stage. 
The device is intended for low cost SMPS 
applications where extensive housekeep¬ 
ing functions are not required. 


FEATURES 

• Micro-miniature (D) package 

• Pulse-width modulator 

• Current limiting (cycle by cycle) 

• Sawtooth generator 

• Stabilized power supply 

• Double pulse protection 

• Internal temperature compensated 
reference 

APPLICATIONS 

• Switch mode power supplies 

• D/C motor controller inverter 

• DC/DC converter 


PIN CONFIGURATION 



D, FE, N PACKAGES 


Vs 



3 

GND 

Vz 

□: 


3 

OUTPUT 

FEED 

BACK 

Cl 


3 

CURRENT 

SENSE 

GAIN 

E 


3 

Rt.Ct 



TOP VIEW 



ORDER NUMBERS 

NE5561D, NE5561FE, NE5561N, 

SE5561FE, SE5561N 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage, Vs 

18 

V 

Output Current 

40 

mA 

Output duty cycle 

98 

% 

Max total power dissipation 

0.75 

W 

Operating temperature range 

NE5561 

Oto 70 

“C 

SE5561 

-55 to+125 

°C 


BLOCK DIAGRAM 
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DC ELECTRI CAL CHARACTERISTICS Vs = 12V, Ta = 25°C unless otherwise specified 


SYMBOL AND PARAMETER 

TEST CONDITIONS 

SE5561 

NE5561 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

OSCILLATOR SECTION: 
Frequency range 

Over temp 

50 


100k 

50 


100k 

Hz 

Initial accuracy 




12 



12 


% 

Duty cycle range 

fo = 20kH2 

0 


98 

0 


98 

% 

REFERENCE SECTION: 

Vref> Internal ref voltage 


Over temp 

3.65 


3.88 

3.55 


3.98 

V 


Ta = 25°C 

3.69 

3.75 

3.84 

3.57 

3.75 

3.96 

V 

V 2 , internal zener ref 

lL=7mA 


7.8 

8.2 

8.8 

7.8 

8.2 

8.8 

V 

Temp coefficient of Vr^f 



100 



100 


ppm/”C 

Temp coefficient of 




-175 



-175 


ppm/°C 

CURRENT LIMITING (I,n) 

Pin 6 = 250mV 

Ta = 25°C 


-2 

-10 


-2 

-10 

/xA 


Over temp 



-20 



-20 

/xA 

Single pulse inhibit delay 

Inhibit delay time for 

louT = 40mA 


0.7 

0.8 


0.7 

0.8 

/xS 

20% overdrive at 

louT= 20mA 


0.88 

1.10 


0.88 

1.10 

/xS 

Current limit trip level 


.400 

.500 

.600 

.400 

.500 

.600 

V 

ERROR AMPLIFIER: 

Open loop gain 



60 



60 


dB 

Feedback resistor 


10k 



10k 



n 

Small signal bandwidth 



3 



3 


MHz 

Output voltage swing (pos) 


6.2 



6.2 



V 

Output voltage swing (neg) 




0.7 



0.7 

V 

OUTPUT STAGE: 

Output current 

Over temp 

20 



20 



mA 

Vce Sat 

Iq= 20mA 

Over temp 



0.4 



0.4 

V 

SUPPLY VOLTAGE/CURRENT: 

I 

lz=0, 

Ta = 25“C 



10.0 



10.0 

mA 

's 

voltage fed 

Over temp 



13.0 



13.0 

mA 

Vs 

ls= 10mA, current fed 

20.0 

21.0 

22.0 

19.0 

21.0 

24.0 

V 


REGULATION VS ERROR 
AMP CLOSED LOOP GAIN 


TRANSFER CURVE OF 
PULSE-WIDTH MODULATOR 
DUTY CYCLE VS INPUT 
VOLTAGE 



Figure 1 


Figure 2 


Signetics 


6-11 










ANALOG DIVISION 


MARCH 1982 


SWITCHED MODE POWER SUPPLY CONTROLLER NE/SE5561 


POWER DERATING CURVE 



S 0-75 
a 0.50 


Pt = 
+ [V 

vcc k 
7 >7X 

rn 

:c+(V 

DUTY 

m 

:c-V 2 

CYCLE 

)iz 

1 



_ 1 




■ 


S._ 



■ 

■ 


■ 


25 50 70 100 125 150 

AMBIENT TEMPERATURE (°C) 


Figure 3 



MAXIMUM DUTY CYCLE VS 

BASE VOLTAGE ON 01 START-UP CIRCUIT SLOW START VOLTAGE 



[-m^ Vz+VeEai 




Figure 5a 


Figure 5b 


Figure 5c 


NE5561 Start-Up 

The start-up, or initial turn on, of this 
device requires some degree of external 
protective duty cycle limiting to prevent 
the duty cycle from initially going to the 
extreme maximum (6 >90%). Either over¬ 
current limit or slow start circuitry must be 
employed to limit duty cycle to a safe value 
during start-up. Both may be used if desired. 

To implement slow-start, the circuit of 
Figure 5b can be used. The divider R1 and 
R2 sets a voltage, buffered by Q1, such that 
the output of the error amplifier is clamped 
to a maximum output voltage, (Figure 5a) 
thereby limiting the maximum duty cycle. 
The addition of capacitor C will cause this 
voltage to ramp up slowly when power is 
applied, causing the duty cycle to ramp up 
simultaneously. 


Over-current limit may be used also. To 
limit duty cycle In this mode, the switch 
current is monitored at pin 6 and the output 
of the 5561 Is disabled on a cycle by cycle 
basis when current reaches the programmed 
limit. With current limit control of slow-start, 
the duty cycle Is limited to that value just 
allowing maximum switch current to flow. 
(Approximately 0.50V measured at pin 6.) 

5V, 0.5A Buck Regulator Operates 
from 15V 

The converter design shows how simple It 
is to derive a TTL supply from a system 
supply of 15V (see Figure 6). The NE5561 
drives a 2N4920 PNP transistor directly to 
provide switching current to the inductor. 


Overall line regulation is excellent and 
covers a range of 12V to 18V with minimal 
change (< 10 mV) In the output operating at 
full load. 

As with all NE5561 circuits, the auxiliary 
slow start and 5max circuit is required, as 
evidenced by Q1. The Smax liiT^'t may be 
calculated by using the relationship 
(Figure 5a, b). 

DO 

The maximum duty cycle is then deter¬ 
mined from the pulse-width modulator 
transfer graph (see Figure 5a), and R1, R2 
are defined from the desired conditions. 
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NE5561 Boost Converter with 
Output Variable (18V to 30V, 0.2A) 

The circuit shown uses the NE5561 SMPS 
controller in a non-isolated boost con¬ 
verter operating from a 15V line. The addi¬ 
tion of three transistors and one diode is 
necessary to complete the design (see 
Figure 7). 

Operation is as follows. Q1 is a combina¬ 
tion slow start and max duty cycle limit 
transistor. When power is first applied to 
the circuit, C7 in a discharged state begins 
to charge toward the divider voltage, Vg. 
This V5 + Vbe controls the voltage on pin 4, 
the error amp output, causing the duty cy¬ 
cle to be limited initially to 6o, then to 
gradually approach its normal operating 
range, 6. The base divider is fed from Vz, 
which is nominally 8.2V. 

Output regulation starts at the error ampli¬ 
fier, with gain set by R2 (adj) and R5 com¬ 
bination. The error amp is stable for closed 
loop gain in excess of 40 dB (X100), for 
which the regulation will be approximately 
1%. C4 is added to the output to insure 
stability at gain below 40 dB. C4 creates a 
dominant pole at approximately 1 kHz, 
descending at 6 dB per octave to unity near 
1 MHz. Input to the error amplifier is 
referenced to 3.76V and must reach this 
reference level for the output of the NE5561 
to be active. Output voltage is then the 
quantity. (Dr) 3.7V 


If R2 ratio is, for instance, 10:1, the output 
will be ~ 37V. If the ratio Is 5:1, the output 
will be = 1 18.5V, etc. 

Output to Q2 base is a square wave of 
variable duty cycle as determined by load 
demand. The internal transistor is open 
collector and must have a pull-up resist¬ 
ance, in this application the base circuit of 
Q2. The duty cycle 6 Is a fraction between 0 
and 1. The actual on-time is proportional 
then to 6 • T, where T is the period of the 
free-running frequency of the sawtooth 
generator internal the NE5561. Frequency 
is set by the RC combination, R7 • 05 with 
charging current supplied from Vz (8.2V). 
The stabilizing effect of the internal zener 
supply gives a constant frequency. The 
sawtooth waveform is related to duty cycle 
as shown below. 


( I I ____ 


(V 7 NOT TO SCALE) 


Q3 is switched on during the saturated por¬ 
tion of the output waveform from pin 7 of 
the NE5561, termed d, and is switched off 
during the remainder of the cycle (1-6). 

The sawtooth frequency is set at approxi¬ 
mately 22 kHz in this example. The NE5561 
is capable of operation to 100 kHz, 
however. 

Pin 6 of the NE5561 operates an over¬ 
current protective feature which resets the 
output on pin 7 if the instantaneous pin 6 
voltage exceeds 0.50V. In this case, R8 
determines the peak current of Q3 emitter 
circuit prior to shutdown. The operation of 
the over-current circuit is on a pulse to 
pulse basis, returning to normal as soon as 
the pin 6 voltage falls below 0.50V. As is 
noted, a small degree of filtering is needed 
to eliminate short switching transient, 
allowing only the primary current wave¬ 
form to be sensed. 

Switching circuit operation proceeds as 
follows. Q3 turns on, causing magnetiza¬ 
tion current to begin increasing in LI, the 
switching inductor. After initial start up, C3 
is charged to the output, thus with Q3 on, 
Diode D1 is reverse biased and does not 
conduct during the duty cycle, 6. C3, the 
output capacitor, sustains the full load cur¬ 
rent during this part of the cycle. When Q3 
turns off, the magnetic fieid energy pre¬ 
viously stored in LI is discharged through 
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D1 now forward biased. The output capaci¬ 
tor is incrementally charged, restoring its 
depieted voltage. The ripple voltage is a 
function of the size of C3 and its internal 
resistance. For minimum ripple, a low ESR 
(Equivalent Series Resistance) capacitor 
must be used, since previously mentioned 
peak load current flows in C3. 

Single Transistor 100V, 250 mA 
Buck Converter 

With a single 15V zener diode to limit 
package dissipation, the NE5561 controller 
may be operated directly from the rectified 
AC line. The following example shows the 
simplicity of such a converter which is 
capable of a nominal 100V output (see 
Figure 9). A base drive transformer is used 
to gain high voltage isolation between the 
NE5561 and the switching transistor, and to 
provide adequate base drive. A low power 
PNP transistor is used in an auxilliary slow 


start and duty cycle limiting circuit to pre¬ 
vent over-excitation (Q1). 

Operation is as follows. Drive from the 
NE5561 output is fed to the primary of T1, 
base drive transformer, with a pulse-width 
modulated signal causing Q2 (BU407) to 
switch current to inductor, LI. As the cur¬ 
rent builds up, energy is stored in LI, coin¬ 
cident with the saturation period (6) of the 
NE5561 output stage. During this period, 
current also flows through LI toCoandthe 
load. When Q2 cuts off, the choke field col¬ 
lapses and D1 conducts as the load is sus¬ 
tained by the inductor-stored energy. 

VouT is sampled by the divider R7 and R8, 
rising until the junction of the divider is 
forced to 3.75V. Load variations are thus 
translated to duty cycle variations to main¬ 
tain constant voltage at the output. The 
measured efficiency at 0.5A load is in ex¬ 
cess of 72%. Line regulation is good from 
approximately 93V to 120V. 


The base current waveform driving Q2 is 
shown in Figure 8. This indicates that the 
BU407 base current rises initially to 60 mA 
to obtain fast turn-on, then settles to about 
40 mA for the remainder of the duty cycle, 
8. Reverse biasing of the emitter-base 
junction occurs to enhance turn-off. 
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SWITCHED MODE POWER SUPPLY CONTROLLER 


NE/SE5561 


Snubber networks are necessary, as 
shown across Q2 and commutation diode, 
D1, to prevent component failure during 
fast switching. It is critical that these net¬ 
works be placed physically adjacent to the 
respective components they protect, and 
that low inductance capacitors and re¬ 
sistors be used as snubbers (ceramic or 
dura mica caps and carbon resistors). 

The base drive transformer is constructed 
using a Ferroxcube 2616-3C8 core, with 
primary of 120 turns of #26 wire, and 20 
turns of #26 on secondary. The primary is 
wound in a simple solenoidal manner, first 
on the bobbin, followed by a layer of mylar 
tape to provide voltage isolation. Next, the 
secondary winding is added. Primary in¬ 
ductance measures 45 mH with a leakage 
inductance of 120 It is important to 
have sufficient primary inductance to pre¬ 
vent excessive droop in base drive current. 
Also, leakage reactance must be kept rea¬ 
sonably low to minimize ringing. 

DC Motor Drive with Fixed Speed 
Controi 

The circuit shown in Figure 10b incorpo¬ 
rates a simple switch mode approach to DC 


motor control, which is efficient and free of 
the dissipation problems inherent in linear 
drives. The NE5561 provides pulse propor¬ 
tional drive and speed control based on DC 
tachometer feedback. A simple switching 
circuit consisting of one transistor 
(2N4920 PNP) and a commutation diode is 
used to deliver programmed pulse energy 
to the motor. 

A frequency of approximately 20 kHz is 
used to eliminate audio noise present in 
some switching drives. The DC tach in this 
example delivers 2.7V/1000 RPM. Its out¬ 
put is such that negative feedback occurs 
when this voltage is applied to the error 
amplifier of the NE5561, pin 3, through a 
suitable divider. Note that the voltage to 
pin 3 must be 3.75V in order to obtain servo 
lock. Thus, the divider from the tach output 
must be appropriate to maintain the proper 
ratio for speed control to occur. 

As shown In the waveform photo (Figure 10a), 
duty cycle varies directly with load torque 
demand. No load current is =0.3A and full 
load is 0.6A. Current and voltage wave¬ 
forms at 0.6A are shown in Figure 10. If 
desired, torque limiting may be set by feed¬ 


ing a derivative of motor return current 
back to pin 6 of the NE5561. 

Operating range is 12V to 18V input for a 
tach output nominal variation of less than 
20 mV, and approximately 4.35V for the 
divider values shown. The motor is a Globe 
100A 565 rated at 12V DC. 
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REGULATING PULSE WIDTH MODULATOR SG1524/SG2524/SG3524 


DESCRIPTION 

This monolithic integrated circuit contains 
all the control circuitry for a regulating pow¬ 
er supply inverter or switching regulator. In¬ 
cluded in a 16-pin dual-in-line package is the 
voltage reference, error-amplifier, oscilla¬ 
tor, pulse width modulator, pulse steering 
flip-flop, dual alternating output switches 
and current limiting and shut-down circuitry. 
This device can be used for switching regu¬ 
lators of either polarity, transformer coupled 
DC to DC converters, transformerless volt¬ 
age doublers and polarity converters, as 
well as other power control applications. 
The SGI524 is specified for operation over 
the full military temperature range of -55^C 
to +126®C, while the SG2524 and SG3624 
are designed for commercial applications of 
0®C to -f-TO^C. 


FEATURES 

• Complete PWM power control circuitry 

• Single ended or push-pull outputs 

• Line and load regulation of 0.2% 

• 1% maximum temperature variation 

• Total supply current Is less than 10mA 

• Operation beyond 100kHz 


PIN CONFIGURATION 


D,F,N PACKAGE 

INVERT nr 
INPUT LL 


m vref 

NON. INVERT rr- 
INPUT Li. 


JE vin 

OSC. [-3- 
OUTPUT LL. 


33 EMITTER B 

SENSE 


jTJ COLLECTOR B 

(-) C.L. 
SENSE LL 


33 COLLECTOR A 

Rt [T 


Til EMITTER A 

ct [T 


Tol SHUTDOWN 

GROUND [F 


~9l COMPENSATION 


TOP VIEW 


ORDER NUMBERS 

SG1524F, SG2524F, SG2524N 

SG3524F, SG3524N, SG3524D 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Input voltage 

40 

V 

Output current (each output) 

100 

mA 

Reference output current 

60 

mA 

Oscillator charging current 

5 

mA 

Power dissipation 



Package limitation 

1000 

mW 

Derate above 25 ®C 

8 

mW/°C 

Operating temperature range 



SGI524 

-55 to+125 


SG2524/SG3524 

0 to +70 

‘’C 

Storage temperature range 

-65 to +150 

“C 


BLOCK DIAGRAM 
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REGULATING PULSE WIDTH MODULATOR SGI 524/SG2524/SG3524 


DC ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for T/^ = —55°C to +125°C for the 

SG1524 and 0°C to +70®C for the SG2524 and SG3524, V|n = 20V, and f = 20kHz) 


PARAMETER 

TEST CONDITIONS 

SGI524 SG2524 

SG3524 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

REFERENCE SECTION 


4.8 

5.0 

5.2 

4.6 

5.0 

5.4 

V 

Output voltage 

Line regulation 

V|(s| = 8 to 40V 


10 

20 


10 

30 

mV 

Load regulation 

IL = 0 to 20mA 


20 

50 


20 

50 

mV 

Ripple rejection 

f = 120Hz, Ta = 25®C 


66 



66 


dB 

Short circuit current limit 

Vref = 0. Ta = 25®C 


100 



100 


mA 

Temperature stability 

Over operating temperature range 


0.3 

1 


0.3 

1 

% 

Long term stability 

Ta = 25°C 


20 



20 


mV/kHr 

OSCILLATOR SECTION 

Cj = .001 mfd, Rj = 2kfl 


300 



300 


kHz 

Maximum frequency 

Initial accuracy 

Rj and Cj constant 


5 



5 


% 

Voltage stability 

V|N = 8 to 40V, Ta = 25‘’C 



1 



1 

% 

Temperature stability 

Over operating temperature range 






2 

% 

Output amplitude 

Pin 3, Ta = 25®C 


3.5 



3.5 


Vp 

Output pulse width 

Cj = .01 mfd, Ta = 25*0 


0.5 



0.5 


flS 

ERROR AMPLIFIER SECTION 

VcM = 2.5V 


0.5 

5 


2 

10 

mV 

Input offset voltage 

Input bias current 

VcM = 2.5V 


2 

20 


2 

10 

aA 

Open loop voltage gain 


72 

80 


60 

80 


dB 

Common mode voltage 

Ta = 25°C 

1.8 


3.4 

1.8 


3.4 

V 

Common mode rejection ratio 

Ta = 25 °c 


70 



70 


dB 

Small signal bandwidth 

Av = OdB, Ta = 25°C 


3 



3 


MHz 

Output voltage 

Ta = 25‘’C 

0.5 


3.8 

0.5 


3.8 

V 

COMPARATOR SECTION 

% each output “ON” 

0 


45 

0 


45 

% 

Duty cycle 

Input threshold 

Zero duty cycle 


1 



1 


V 

Input threshold 

Maximum duty cycle 


3.5 



3.5 


V 

Input bias current 



1 



1 


IxA 

CURRENT LIMITING SECTION 

Pin 9 = 2V with error amplifier 
set for maximum out, Ta = 26®C 

190 

200 

210 

180 

200 

220 

mV 

Sense voltage 

Sense voltage T.C. 



0.2 



0.2 


mV/*C 

Common mode voltage 


-1 


-1-1 

-1 


-hi 

V 

OUTPUT SECTION (each output) 


40 



40 



V 

Collector-emitter voltage 
(breakdown) 

Collector-leakage current 

VcE = 40V 


0.1 

50 


0.1 

50 

fiA 

Saturation voltage 

Iq = 50mA 


1 

2 


1 

2 

V 

Emitter output voltage 

V|N = 20V 

17 

18 


17 

18 


V 
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REGULATING PULSE WIDTH MODULATOR SGI 524/SG2524/SG3524 


DC ELECTRICAL CHARACTERISTICS (Cont’d) (Unless otherwise stated, these specifications apply for Ta = -65®C to +125®C 

for the SG1524 and 0®C to+70®C for the SG2524 and SG3524, V|N = 20V, and 
f = 20kHz) 


PARAMETER 

TEST CONDITIONS 

SGI524 SG2524 

SG3524 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Rise time 

RC = 2K ohm, Ta = 25®C 


0.2 



0.2 


IXS 

Fall time 

RC = 2K ohm, Ta = 25®C 


0.1 



0.1 


MS 

TOTAL STANDBY CURRENT 
(excluding oscillator charging 
current, error and current limit 
dividers, and with outputs open) 

V|N = 40V 


8 

10 


8 

10 

mA 


OPEN LOOP TEST CIRCUIT 



OUTPUTS 


APPLICATIONS TYPICAL APPLICATION 


Voltage Reference 

An internal series regulator provides a nomi¬ 
nal 5 volt output which is used both to gener¬ 
ate a reference voltage and is the regulated 
source for all the internal timing and control¬ 
ling circuitry. This regulator may be by¬ 
passed for operation from a fixed 5 volt sup¬ 
ply by connecting pins 15 and 16 together to 
the input voltage. In this configuration, the 
maximum input voltage is 6.0 volts. 

This reference regulator may be used as a 5 
volt source for other circuitry. It will provide 
up to 50mA of current itself and can easily 
be expanded to higher currents with an ex¬ 
ternal PNP as shown in Figure 1. 


EXPANDED REFERENCE CURRENT CAPABILITY 



iLto 1.0A 
DEPENDING 
ON CHOICE 
FOR 01 
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REGULATING PULSE WIDTH MODULATOR SGI 524/SG2524/SG3524 


OUTPUT STAGE DEAD TIME AS A 
FUNCTION OF THE TIMING 
CAPACITOR VALUE 



.001 .002 .005 .01 .02 .05 .1 

TIMING CAPACITOR VALUE (C-)-MICROFARADS 


OSCILLATOR PERIOD AS A 
FUNCTION OF Rj AND Cj 



5 10 20 50 100 200 500 ImS 2mS 

OSCILLATOR PERIOD-MICROSECONDS 


AMPLIFIES OPEN-LOOP GAIN AS 
A FUNCTION OF FREQUENCY 
AND LOADING ON PIN 9 



10 100 IK 10K 100K 1M 10M 

FREQUENCY-HERTZ 


Figure 2 


Figure 3 


Figure 4 


Oscillator 

The oscillator in the SG1524 uses an exter¬ 
nal resistor (Rj) to establish a constant 
charging current into an external capacitor 
(Cj). While this uses more current than a 
series connected RC, it provides a linear 
ramp voltage on the capacitor which is also 
used as a reference for the comparator. The 

charging current is equal to 3.6V -i- Rj and 
should be kept within the range of approxi¬ 
mately 30/uA to 2mA, i.e., 1.8K<R7< 100K. 

The range of values for Cj also has limits as 
the discharge time of Cj determines the 
pulse width of the oscillator output pulse. 
This pulse is used (among other things) as a 
blanking pulse to both outputs to insure that 
there is no possibility of having both outputs 
on simultaneously during transitions. This 
output dead time relationship is shown in 
Figure 2. A pulse width below approximately 
0.5 microseconds may allow false triggering 
of one output by removing the blanking pulse 
prior to the flip-flops reaching a stable 
state. If small values of Cj must be used, the 
pulse width may still be expanded by adding 
a shunt capacitance («lOOpF) to ground at 
the oscillator output. (Note: Although the os¬ 
cillator output is a convenient oscilloscope 
sync input, the cable and input capacitance 
may increase the blanking pulse width 
slightly.) Obviously, the upper limit to the 
pulse width is determined by the maximum 
duty cycle acceptable. Practical values of 
Cj fall between .001 and 0.1 microfarad. 

The oscillator period is approximately t = 
RjCj where t is in microseconds when Rj = 
ohms and Cj = microfarads. The use of Fig¬ 
ure 3 will allow selection of Rj and Cj for a 
wide range of operating frequencies. Note 
that for series regulator applications, the 


two outputs can be connected in parallel for 
an effective 0-90% duty cycle and the fre¬ 
quency of the oscillator is the frequency of 
the output. For push-pull applications, the 
outputs are separated and the flip-flop di¬ 
vides the frequency such that each outputs 
duty cycle is 0-46% and the overall frequen¬ 
cy is one-half that of the oscillator. 

External Synchronization 

If it is desired to synchronize the SGI524 to 
an external clock, a pulse of «-l-3 volts may 
be applied to the oscillator output terminal 
with RjCj set slightly greater than the clock 
period. The same considerations of pulse 
width apply. The impedance to ground at 
this point is approximately 2K ohms. 

If two or more SG1524’s must be synchro¬ 
nized together, one must be designated as 
master with its RjCt set for the correct peri¬ 
od. The slaves should each have an RjCj 
set for approximately 10% longer period 
than the master with the added requirement 
that Cj (slave) = one-half Cj (master). Then 
connecting Pin 3 on all units together will 
insure that the master output pulse—which 
occurs first and has a wider pulse width— 
will reset the slave units. 

Error Amplifier 

This circuit is a simple differential-input, 
transconductance amplifier. The output is 
the compensation terminal, pin 9, which is a 
high impedance node (RL»5Mfi). The gain 
is 

Ay = gmRL = 8 Iq Rl >=« 002 Rl 
2kT 

and can easily be reduced from a nominal of 
10,000 by an external shunt resistance from 
pin 9 to ground, as shown in Figure 4. 


In addition to DC gain control, the compen¬ 
sation terminal is also the place for AC 
phase compensation. The frequency re¬ 
sponse curves of Figure 4 show the 
uncompensated amplifier with a single pole 
at approximately 200Hz and a unity gain 
cross-over at 5MHz. 

Typically, most output filter designs will in¬ 
troduce one or more additional poles at a 
significantly lower frequency. Therefore, the 
best stabilizing network is a series R-C com¬ 
bination between pin 9 and ground which 
introduces a zero to cancel one of the output 
filter poles. A good starting point is 50kQ 
plus .001 microfarad. 

One final point on the compensation terminal 
is that this is also a convenient place to 
insert any programming signal which is to 
override the error amplifier. Internal 
shutdown and current limit circuits are con¬ 
nected here, but any other circuit which can 
sink 200mA can pull this point to ground thus 
shutting off both outputs. 

While feedback is normally applied around 
the entire regulator, the error amplifier can 
be used with conventional operational am¬ 
plifier feedback and is stable in either the 
inverting or non-inverting mode. Regardless 
of the connections, however, input common¬ 
mode limits must be observed or output sig¬ 
nal inversions may result. For conventional 
regulator applications, the 5 volt reference 
voltage must be divided down as shown in 
Figure 5. The error amplifier may also be 
used in fixed duty cycle applications by 
using the unity gain configuration shown in 
the open loop test circuit. 
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REGULATING PULSE WIDTH MODULATOR SGI 524/SG2524/SG3524 


Current Limiting 

The current limiting circuitry of the SGI524 
is shown in Figure 6. 

By matching the base-emitter voltages of 
Q1 and Q2, and assuming negligible voltage 
drop across R ^, 

Threshold = Vbe(Q1) + I 1 R 2 “ Vbe (Q2) 

= HR 2 «200mV 

Although this circuit provides a relatively 
small threshold with a negligible tempera¬ 
ture coefficient, there are some limitations 
to its use, the most important of which is the 
± 1 voit common mode range which requires 
sensing in the ground line. Another factor to 
consider is that the frequency compensation 
provided by R^C-i and Q1 provides a roll-off 
pole at approximately 300Hz. 

Since the gain of this circuit is relatively low, 
there is a transition region as the current 
limit amplifier takes over pulse width controi 
from the error amplifier. For testing pur¬ 
poses, threshold is defined as the input volt¬ 
age to get 25% duty cycle with the error 
amplifier signaling maximum duty cycle. 

In addition to constant current limiting, pins 4 
and 5 may also be used in transformer-coupled 
circuits to sense primary current and shorten an 
output pulse, should transformer saturation oc¬ 
cur. (Refer to Figure 11). Another application is 
to ground pin 5 and use pin 4 as an additional 
shutdown terminal: i.e., the output will be off 
with pin 4 open and on when it is grounded. 
Finally, foldback current limiting can be provid¬ 
ed with the network of Figure 7. This circuit can 
reduce the short-circuit current (Isc) to approx¬ 
imately one-third the maximum available output 
current (Imax)- 


ERROR AMPLIFIER BIASING CIRCUITS 



Note change in input connections for opposite polarity outputs. 


Figure 5 


CURRENT LIMITING CIRCUITRY OF THE SG 1524 



FOLDBACK CURRENT LIMITING 



lMAX=-^^VTH+i7Ti^j 

vth 

Isc = -pjg— WHERE 

Vth = 200 mV 

Foldback current limiting can be used to reduce power 
dissipation under shorted output conditions. 

Figure 7 



The capacitor-diode output circuit is used here as a polarity converter to generate 
a -5 volt supply from -1-15 volts. This circuit is useful for an output current of up to 
20mA with no additional boost transistors required. Since the output transistors are 
current limited, no additional protection is necessary. Also, the lack of an inductor 
allows the circuit to be stabilized with only the output capacitor. 

Figure 8 
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REGULATING PULSE WIDTH MODULATOR SGI 524/SG2524/SG3524 



Another low-current supply is the flyback converter used here to generate ± 15 
volts at 20mA from a -1-5 volt regulated line. The reference generator in the SGI524 
is unused with the input voltage providing the reference. Current limiting in a flyback 
converter is difficult and is accomplished here by sensing current in the primary line 
and resetting a soft-start circuit. 

Figure 9 



In this conventional single-ended regulator circuit, the two outputs of the SGI524 
are connected in parallel for effective .0-90% duty-cycle modulation. The use of an 
output inductor requires an R-C phase compensation network for loop stability. 

Figure 10 



Note that the oscillator must be set at twice the desired output frequency as the 
SG1524’s internal flip-flop divides the frequency by 2 as it switches the P.W.M. 
signal from one output to the other. Current limiting is done here in the primary so 
that the pulse width will be reduced should transformer saturation occur. 

Figure 11 
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PRECISION VOLTAGE REGULATOR /xA723/723C/SA723C 


DESCRIPTION 

The juA723/SA723C is a Monolithic Preci¬ 
sion Voltage Regulator capable of operation 
in positive or negative supplies as a series, 
shunt, switching or floating regulator. The 
723 contains a temperature compensated 
reference amplifier, error amplifier, series 
pass transistor, and current limiter, with 
access to remote shutdown. 


ABSOLUTE MAXIMUM RATINGS 


FEATURES 

• Positive or negative suppiy operation 

• Series, shunt, switching or floating oper¬ 
ation 

• .01% line and load regulation 

• Output voltage adjustable from 2 to 37 
volts 

• Output current to 150mA without exter¬ 
nal pass transistor 

• )uA723 MIL STD 88 3A, B, C available 


PIN CONFIGURATIONS 



PARAMETER 

RATING 

UNIT 

Pulse voltage from V+ to V- (50 ms) 

50 

V 

Continous voltage from V+ to V- 

40 

V 

Input-output voltage differential 

40 

V 

Maximum output current 

150 

mA 

Current from Vref 

15 

mA 

Current from Vz 

25 

mA 

Internal power dissipationi 

800 

mw 

Operating temperature range 
mA723 

-55 to +125 


mA723C 

Oto 70 

®C 

SA723C 

-40 to +85 

°C 

Storage temperature range 

-65 to +150 

°C 

Lead temperature 

300 

°C 


EQUIVALENT CIRCUIT 


FREQUENCY 

COMPENSATION 
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PRECISION VOLTAGE REGULATOR 


tA723/723C/SA723C 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified.1 


PARAMETER 

Line regulation2 


Load regulations 


Short circuit current limit 


TEST CONDITIONS 

ViN = 12V to ViN = 15V 
ViN = 12V to ViN = 40V 


II = 1mA to II = 50mA 
f = 50Hz to 10kHz, Cref = 0 
f = 50Hz to 10kHz, Gref = SfxF 


Rsc = ion, VouT = 0 


mA723 I 

mA723C/SA723C 

Typ 

Max 

Min 

Typ 

Max 

0.01 

0.1 


0.01 

0.1 

0.02 

0.2 


0.1 

0.5 


Long term stability 
Standby current drain 


Input voltage range 
Output voltage range 


II = 0, ViN = 30V 


The following specifications apply 
over the operating temperature 
ranges 

Line regulation 


Load regulation 


Average temperature coefficient 
of output voltage 

ViN = 12V to ViN = 15V 

II = 1mA to II = 50mA 



1 . ViN = v+ = Vc = 1 2V, V- = OV, VouT = 5V, I L = 1 mA, Rsc = 0, Ci = 1 0OpF, Cref - 0 and 
divider impedance as seen by error amplifier < lOkfl when connected as shown in 
Figure 3. 

2. The load and line regulation specifications are for constant junction temperature. 
Temperature drift effects must be taken into account separately when the unit is 
operating under conditions of high dissipation. 


TYPICAL PERFORMANCE CHARACTERISTICS 


STANDBY CURRENT DRAIN 
AS A FUNCTION OF 
INPUT VOLTAGE 


VoUT = VreF_ 
il = o 




— 



L- 



Ta 


j5“C 


Ta 



















— 

L 


— 


MAXIMUM LOAD CURRENT 
AS A FUNCTION OF 
INPUT-OUTPUT VOLTAGE 
DIFFERENTIAL 

5 —————^—I—^^— I — 

---Tjmax = 150‘>C 

Rjh = 150‘*C/W 

) ---PsTANDBY = 60mW 

K METAL CAN PACKAGE 

-(NO HEAT SINK) 

. . ^ I . I 

Ta=+25»C 

-^^Ta=+70»C - 

.^^/Ta=+125»C 


"Ta^ +70«C 1 
'■Ta= +129°C 


LOAD REGULATION 
CHARACTERISTICS WITH 
CURRENT LIMITING 




_Vout = 5V, V|n= +12V 
Rsc = 1 on 

I f I 

^Ta= ~55“C 
+25»C 

^^^Ta= +70“C 
/Ta=+125“C 
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PRECISION VOLTAGE REGULATOR 


tA723/723C/SA723C 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


CURRENT LIMITING 
CHARACTERISTICS AS A 
FUNCTION OF JUNCTION 
TEMPERATURE 


MAXIMUM LOAD CURRENT 
AS A FUNCTION OF 
INPUT-OUTPUT VOLTAGE 
DIFFERENTIAL 


LOAD REGULATION 
CHARACTERISTICS WITHOUT 
CURRENT LIMITING 



(Vin-Vout)-V 


OUTPUT CURRENT —mA 
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PRECISION VOLTAGE REGULATOR 


4A723/723C/SA723C 


TYPICAL APPLICATIONS 


LOW VOLTAGE REGULATOR 
(VoUT = 2T0 7VOLTS) 


NEGATIVE VOLTAGE REGULATOR 



VouT 

Vref 



CL 


CS 

N.l. 

Inv 


CREFlir < R2 




^REGULATED 

OUTPUT 


R':i= —■—- for minimum temperature drift 

R1 + R2 


>R2 v+| |vc 

- Vref VouT - 

Vz - 
CL - 
CS - 

I— N.l. Inv - 

► V-j COMPI 


_r^REF^^ ^2 ]. 

L 2 R1 J 


REGULATED 
" OUTPUT 


REMOTE SHUTDOWN REGULATOR 
WITH CURRENT LIMITING 
(VOUT = 2 TO 7 VOLTS) 


HIGH VOLTAGE REGULATOR 
(VOUT = 7 TO 37 VOLTS) 


I 



REGULATED 

OUTPUT 


Vref 

VouT 


CL 


CS 

N.l. 

Inv 


^REGULATED 

OUTPUT 




R-i Ro 

Ro= —!—- for minimum temperature drift 

R 1 + R 2 

R3 may be eliminated for minimum component count 
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PRECISION VOLTAGE REGULATOR 

,4A723/723C/SA723C 


TYPICAL APPLICATIONS (Cont d) _ 

FOLDBACK CURRENT LIMITING REGULATOR 
(Vqut = 2 to 7 VOLTS) 
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SERVO AMPLIFIER 


NE544/644 


DESCRIPTION 

The NE544 is a servo amplifier and pulse- 
width demodulator with internal motor drive 
transistors. It is designed for remote control 
applications in digital proportional systems 
but can be used in many other closed loop 
position control applications. It incorpor¬ 
ates a linear one shot for improved position¬ 
al accuracy and outputs for external pnp 
motor drive transistors. 


ABSOLUTE MAXIMUM RATINGS 


FEATURES 

• 500mA load current capability 

• Bidirectional bridge output with single 
power supply 

• Low standby power drain 

• Adjustable deadband and trigger thresh¬ 
olds 

• High linearity, 0.5% maximum error 

• Output drive for external PNP transistors 
(optional) 

• Wide supply voltage range 

Ta = 25°C unless otherwise specified. 


PIN CONFIGURATIONS 
I N PACKAGE 


Timing Resistor | 1 


IgI Timing Capacitor 

Regulator Output [~2~ 


15 1 Position Feedback 

Input 1 3 


14 1 Output IB) 

Ground (Signal) | 4 


TJl PNP Drive (B| 

Ground (Power) [ 5 


]I] V. 

Pulse Stretcher ^ 


^ V. 

Deadband | 7 


To] PNP Drive (A) 

Trigger Threshold | 8 


T] Output (A) 


TOP VIEW 

ORDER NUMBER 

NE644N 


N PACKAGE 


141 Position Feedback 
13 I Output (B) 

It] pimp Drive (B) 

m V* 

Tol PNP Drive (A) 

9 I Output (A) 

8 I Trigger Threshold 

TOP VIEW 

ORDER NUMBER 

NE544N 

W PACKAGE* 



‘Pinout same as 644N package 
Order part no. NE644W 


PARAMETER 

RATING 

UNIT 

V+ 

Supply voltage 

6.0 

V 

iq 

Output current 

500 

mA 

Ta 

Operating temperature 

-20 to +75 


Tstg 

Storage temperature 

'-65 to +150 

°C 


BLOCK DIAGRAM 



Timing Capacitor | 1 
Timing Resistor | 2 
Regulator Output | 3 
Input 1 4 
Ground | 5 
Pulse Stretcher | 6 
Deadband | 7 
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SERVO AMPLIFIER NE544/644 



DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = 4.8V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LIMITS 


Min 

Typ 

Max 

< 

o 

o 

Supply voltage 



3.2 

4.8 

6 

V 

•cc 

Supply current 

Pin 11 

Quiescent 

4.2 

5.5 

10 

mA 

Vth 

Input threshold 

Pin 4 







On 




1.5 




Off 




1.4 



2|n 

Input resistance 

Pin 4 



18 




Output voltage 







VOL 

Low 


Pin 9 or 13, 1 1 _ = 400mA 


0.3 



VOH 

High 




3.9 



Vreg 

Regulated voltage 

Pin 3 


2.1 

2.5 

2.9 


AVreg 

Regulation 

Pin 3 

3.5V < Vcc < 6V 


10 


mV/V 


Minimum dead band 

Pin 7 

Rdb = 0 


1 




One shot temperature coefficient 



.01 




Standby output voltage 


Pin 9 and 13 


2.5 


V 


PNP drive current 


Pin 10 and 12 


20 


mA 


7-4 


Signetics 






ANALOG DIVISION 


MARCH 1982 



-5 




















ANALOG DIVISION 


MARCH 1982 


SERVO AMPLIFIER 


NE544/644 


PC BOARD—N PACKAGE 




Typical PC Board Layout 
Bottom View—4X 


Parts Layout 
Top View 


PC BOARD—W PACKAGE 




PC Board Layout 
Bottom View—4X 


Parts Layout 
Top View 
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SERVO AMPLIFIER 


NE544/644 


TYPICAL CONNECTION OF NE644W AND NE644N FOR LINEAR ONE SHOT TIMING 
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SERVO AMPLIFIER 


NE544/644 


TYPICAL PERFORMANCE CHARACTERISTICS 


MAXIMUM DISSIPATION vs 
AMBIENT TEMPERATURE 


SUPPLY CURRENT vs 
SUPPLY VOLTAGE 


OUTPUT CURRENT vs 
LOAD RESISTANCE 





50 100 150 200 3.0 4.0 5.0 6.0 

AMBIENT TEMP IN (°C) SUPPLY VOLTAGE (V) 


MAX. OUTPUT CURRENT 

I I I I 



10 15 20 25 

RESISTIVE LOAD ( H ) 


OUTPUT VOLTAGE vs 
LOAD CURRENT 


INPUT PULSE WIDTH vs 
FEEDBACK POT OUTPUT 


INPUT PULSE vs SERVO TRAVEL 





1.0 1.5 2.0 


LOAD CURRENT (mA) 


INPUT PULSE WIDTH (mS) 
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PROGRAMMABLE SEVEN CHANNEL RC ENCODER 


NE5044 


DESCRIPTION 

The NE5044 is a programmable parallel in¬ 
put, serial output pulsewidth encoder. A 
multiplexed dual linear ramp technique is 
used to allow up to 7 inputs to be converted 
to a serial pulsewidth modulated signal with 
excellent linearity and minimal crosstalk. 
Fixed or variable frame rates can be used, 
externally controlled, for ease of demodula¬ 
tion. An onboard 5V regulator eliminates 
power supply sensitivities and provides up 
to 20mA current capability for driving exter¬ 
nal loads. 

FEATURES 

• 3 to 7 channels, externally selectable 

• Constant current dual linear ramp 
for linearity better than .3% 

• Internal voltage regulator for low drift 


APPLICATIONS 

• Radio controlled aircraft, cars, 
boats, trains 

• Industrial controllers 

• Remote controlled entertainment 
systems 

• Security systems 

• Instrumentation recorders/controls 

• Remote Analog/digital data 
transmission 

• Automotive sensor systems 


PIN CONFIGURATION 


ABSOLUTE MAXIMUM RATINGS^ 


E 

>,N PACKAG 

E 

INPUT 1 [T 

yj 

]1] Vcc 

INPUT 2 [T 


]I] Vreg 

INPUT 3 [T 


33 "’P* CAP 

INPUT 4 [T 


TTl SET RES. 

INPUT 5 [T 


T7| RANGE 

INPUT 6 [T 


Til SER. OUTPUT 

INPUT 7 Q] 


Jo] OUT R/C 

GRND. [T 


"FI FR. R/C 


TOP VIEW 


c 

)RDER NUMBERS 

1 NE5044D NE5044N | 


• Wide supply range 4.5 - 16V 

PARAMETER 

RATING 

UNIT 

by external R-C 

Vcc» Supply voltage 

17 

V 

• External control for channel gain 

Regulator ouput current 

“25 

mA 

or range 

Serial output peak current 

30 

mA 

• Versatile applications; exponential 

Constant current generator 

“1 

mA 

rates, mixing, dual rate, reversing etc. 

Parallel inputs, range input 

0-Vreg 

V 

• Compatible with all transmission 

One shot input, frame generator input 

0-Vreg 

V 

mediums 

Operating temperature 

“20 to +75 

“C 


Storage temperature 

“66 to +150 

“C 

BLOCK DIAGRAM 

NOTE 

1. T/^ = 25° unless otherwise stated. 
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PROGRAMMABLE SEVEN CHANNEL RC ENCODER NE5044 


DC ELECTRICAL CHARACTERISTICS Test conditions T/^ = 26®C, Vqc = 10V using Test Circuit A unless otherwise stated. 




NE 5044 


PARAMETER 

TEST CONDITIONS 

Min 

Typ 

Max 

UNIT 

POWER SUPPLY REQUIREMENTS 1 






Power supply voltage range 


4.5 


16 

V 

Power supply current 

Excluding control pots and 


11 

15 

mA 


serial output currents 





VOLTAGE REGULATOR 






VrEG Output voltage 


4.5 

5.0 

5.5 

V 

Output current 

Vr > 4.5V 



-20 

mA 

Line regulation 

7 < Vcc ^ 16 


.005 

0.2 

V/V 

MULTIPLEXER 






Input current 

Vn = 2.6v 


±30 

±200 

nA 

Input voltage range 

Vn - VRange ^ .75V 

1.5 


5 

V 

Crosstalk 



± 1 

±5 

flS 

OUTPUT PULSE 






Tn Position 

R| * ^mux ~ 1.25ms 

1350 

1500 

1650 

IXS 


Vn = -SVreg; VranGE = -SVreg 





Position linearity error 



5 


flS 

Position tempco 

0«C < Ta :< 70 «c. 


.15 


ixs / °C 

Position PSR 

6V < Vcc ^ 16V 


.5 

1 

ms/V 

To Width 

RqCo = 300fiS 

240 

285 

330 

ns 

Saturation voltage 

Iq = 25mA 


.6 

1 

V 

l^l Leakage current 



.05 

50 

/uA 

Range input voltage 

R| = 50kQ 

.75 



V 


R| = 25kU 

1.00 



V 

Frame time (Fixed) 

RpCp = 30ms 

17 

20 

23 

ms 

Inhibit threshold 




.4 

V 


NOTE 

1. At supply voltages exceeding 12 V, a current limiting resistor of 20 to 500 in series with 
Vqc is recommended. 


OUTPUT PULSE WIDTH (Tn) 
V8 INPUT VOLTAGE (Vn) 



2.0 2.5 3.0 3.5 

Vn (VOLTS)-► 


FRAME TIME (Tp) vs Rp 



too 200 300 400 

RF(kO)-*- 


OUTPUT ONESHOT TIME (Tq) vs Rq 
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SEVEN CHANNEL RC DECODER 


NE5045 


DESCRIPTION 

The NE5045 is a serial input, parallel output, 
decoder intended for applications in pulse 
width or pulse position modulation systems. 
The serial input pulse, either positive or neg¬ 
ative, is shaped and amplified before being 
fed to the counter/decoder. An integrating 
type sync, separator detects pulses greater 
than Tyy^ Rs^s- The amplified input pulse 
triggers an internal one-shot (minimum 
pulse) which in turn clocks the counter-de¬ 
coder, thereby enhancing system noise re¬ 
jection. A missing pulse detector resets the 
decoder during the sync, pause. An internal 
voltage regulator supplies power for the 
radio receiver providing excellent isolation 
from the power supply as well as the decod¬ 
er logic. 

FEATURES 

• Decodes up to 7 channels 

• High gain input amplifier 

• Externally set sync, pause and 
minimum pulse 

• Wide supply voltage range, 3.6V-8V. 

• Positive or negative pulse inputs 

• Noise and flutter rejection 

• Outputs reset to zero without inputs 

• Compatible with all transmission 
mediums 


APPLICATIONS 

• Radio controiied aircraft, cars, 
boats, trains 

• industrial controllers 

• Remote controlled entertainment 
systems 

• Security systems 

• instrumentation recorders/controls 

• Remote Analog/digital data 
transmission 

• Automotive sensor systems 


PIN CONFIGURATION 



D.N PACKAGE 

OUTPUT 1 [T 


^ vcc 

OUTPUT 2 [T 


jU Vreg 

OUTPUT 3 [T 


ITl BYPASS 

OUTPUT 4 [T 


171 POS. INPUT 

OUTPUT 5 fi" 


J2] NEG. INPUT 

OUTPUT 6 [T 


Til FEEDBACK 

OUTPUT 7 (T 


To) MIN. PULSE B/C 

GRND. [T 


~9~| SYNC. PULSE R/C 


TOP VIEW 


ORDER NUMBERS 

NE5045N NE5045D 


ABSOLUTE MAXIMUM RATINGSl 


PARAMETER 

RATING 

UNIT 

Vcc» Supply voltage 

10 

V 

Regulator output current 

-25 

mA 

Decoded output current 

±6 

mA 

Pause input voltage 

0 to Vr 

V 

Input amplifier voltage 

0 to Vr 

V 

Operating temperature 

-20 to +76 


Storage temperature 

-65 to +150 

“C 


NOTE 

1. = as^C unless otherwise stated 


BLOCK DIAGRAM 



M 2 
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SEVEN CHANNEL RC DECODER 


NE5045 


DC ELECTRICAL CHARACTERISTICS Standard conditions: (T^ = 25®C, Vcc = 5 0V unless otherwise stated), 

using Test Circuit # 1 


PARAMETER 

TEST CONDITIONS 

NE5045 

UNIT 

Min 

Typ 

Max 


POWER SUPPLY REQUIREMENTS 







Power supply voltage range 

Test circuit # 1 

3.6 


8.0 

V 


Power supply current 

Excluding input bias current 


9.0 

14.0 

mA 


VOLTAGE REGULATOR 

Output voltage 


3.7 

4.1 

4.5 

V 

Vr 

Output current 

Vr > 3.7V 



-15 

mA 


Line regulation 

Vcc = 6 V to 8 V 


.01 

.05 

V/V 


Voltage drop 

Vcc “ 4V, Ip = —10mA 



1.3 

V 


INPUT AMPLIFIER 







Input bias current 



10 

100 

nA 


Input voltage range 


2.0 


4.0 

V 


Open loop gain 



60 


dB 


Feedback current 


100 

200 

400 

aA 


Detection threshold 

Test circuit # 1 , AV 12 & 13 


8 

20 

mV 

Ts 

Sync, pause time 

Rs C 3 ~ 6 . 0 ms 

5.1 

6.0 

6.9 

ms 

Tm 

Minimum pulse time 

Rm Cm 500ms 

406 

476 

545 

MS 


OUTPUTS-ALL CHANNELS 

VoL 

•sink = 1 mA 


.25 

.5 

V 


VOH 

•source = 2mA 

2.7 



V 


VoL vs SINK CURRENT 
AND VoH V 8 SOURCE CURRENT 



1 2 3 4 5 

Is (mA) 


MINIMUM PULSE TIME, 
Tm vs Rm, Cm 



HM(kfl) — 


REGULATOR VOLTAGE 



10 20 30 40-► 

IR (mA) 


SYNC. PAUSETIME, 
Ts VS RgCg 
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2 CHANNEL RC DECODER 


NE5046 


DESCRIPTION 

The NE5046 is a serial input parallel output 
decoder designed for 2 channel digital pro¬ 
portional pulse width or pulse position mod¬ 
ulation systems. The detection threshold is 
internally set and has hysteresis to prevent 
false triggering on noise. In a typical appli¬ 
cation, the serial input from the receiver is 
processed through an amplifier and pulse 
shaper, then converted to parallel output 
with a shift register. An internal sync separa¬ 
tor detects the sync pause and clears the 
shift register. An internal voltage regulator 
provides power for the decoder and can be 
used to supply power for a radio receiver. 

FEATURES 

• High gain input amplifier with 
hysteresis 

• Externally adjustable sync separator 

• Wide supply voltage range 3.6V-8V 

• Noise and flutter rejection 

• Outputs reset to zero without input 

• Compatible with all transmission 
mediums 


APPLICATIONS 


PIN CONFIGURATION 


• Radio-controlled aircraft, cars, boats, 
trains 

• Industrial controllers 

• Remote-controlled entertainment 
systems 

• Security systems 

• Instrumentation recorders/controls 

• Remote Analog/digitai data 
transmission 

• Automotive sensor systems 


ABSOLUTE MAXIMUM RATINGS1 



N PACKAGE 


INPUT [T 


ZI Vcc 

REG 

BYPASS L±_ 


Tl CH 1 OUT 

REG rr- 
OUTPUT L.^ 


T] CH 2 OUT 

SYNC rr- 
PAUSE R/C L2- 


Tl GRND 


TOP VIEW 


ORDER NUMBER 

NE5046N (2 CHANNEL DECODER) 


PARAMETER 

RATING 

UNIT 

Vcc- Supply voltage 

10 

V 

Regulator output current 

-26 

mA 

Decoded output current 

±5 

mA 

Sync pause input 

0 to Vr 

V 

Input amplifier voltage 

Oto Vr 

V 

Input amplifier current 

± 1 

mA 

Operating temperature 

-20 to +75 

‘‘C 

Storage temperature 

-65 to +150 



NOTE 

1. = 25°C unless otherwise stated. 


BLOCK DIAGRAM 



1 

7 CHANNEL 1 

6 CHANNEL 2 
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2 CHANNEL RC DECODER 


NE5046 


DC ELECTRICAL CHARACTERISTICS Test Conditions: * 26®C, Vqq = 5V, Test Circuit 1, unless otherwise stated. 


PARAMETER 

TEST CONDITIONS 

NE5046 

UNIT 

Min 

Typ 

Max 

Vcc supply voltage 


3.6 

5.0 

8.0 

V 

Power supply current 



6.0 

9.0 

mA 

Regulator output voltage 


3.0 

4.1 

4.5 

V 

Regulator output current 

Vr > 3.6V 



-15 

mA 













Input threshold voltage 


.15 



IB 

Sync, pause time 

Rs Cs * 6ms 

5.1 

6.0 

6.9 


output voltage both channels 

VOL 

•sink * 


.25 

.5 

V 

VOH 

•source = 2mA 

2.7 



V 


TEST CIRCUITS 



NOTE 

*A 2k{2to lOkQ resistor may be required to insure start-up under extreme ioad ourrent and 
suppiy voitage conditions at iow temperatures. 
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LVDT SIGNAL CONDITIONER 


NE/SE5520 




DESCRIPTION 

The NE/SE5520 is a signal conditioning 
circuit for use with Linear Variable Differ¬ 
ential Transformers (LVDT). The chip in¬ 
cludes a low distortion amplitude stable 
sine wave oscillator with programmable 
frequency to drive the primary of the 
LVDT; a synchronous demodulator to con¬ 
vert the LVDT output amplitude and phase 
to position information; and an output 
amp to provide gain and filtering. 


FEATURES 

• Oscillator frequency: 1kHz to 20kHz 

• Low distortion <5% 

• Capable of ratiometric operation 

• Single supply operation 5 to 25V or dual 
supply ±5 to ±12V 

• Low power consumption 

APPLICATIONS 

• LVDT signal conditioning 

• RVDT signal conditioning 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 

-1-30 

V 

Split supply voltage 

(±15) 

V 

Operating temperature range 
SE5520 

- 55 to -H 125 

"C 

NE5520 

0 to +70 

"C 

Storage temperature range 

-65 to 150 

“C 


BLOCK DIAGRAM 


PIN CONFIGURATION 
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LVDT SIGNAL CONDITIONER NE/SE5520 


Preliminary 


DC ELECTRICAL CHARACTERISTICS = 25“C, Vr= V+ = 10V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE5520 

NE5520 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Suppiy voitage range 

Over temp. 

5 


25 

5 


25 

V 

Supply current 

Over temp. 


7.0 

9 


7.0 

8.5 


Reference current 

Over temp. 


5.5 

8.0 



7.0 


Reference voltage range 

Over temp. 

5 


V + 

5 


V + 

V 






■ 




Sine wave distortion 

Over temp. 


3.5 

5 


3.5 

5 

% 

initial amplitude error 



0.5 

1.0 


0.5 

1.0 

% 

Tempco of amplitude error 








IHOB 

Voltage coef. of amplitude error 







^Bj 


Voltage coef. of ratiometric error 

Over temp. 



1.01 




moon 

Initial accuracy of osc. frequency 



10 

20 


10 


% 

Tempco of frequency error 




0.1 


.05 


moQi 

Voltage coef. of frequency 



10 

15 


10 



Frequency range 

Ct= 0.005 to O.VF 

1 


20 

1 


20 

IBQI 

Oscillator output load 


1 



1 



iiiiiiiiiQ^iimii 

Demodulator section 

Linearity error 

Over temp. 







m 

Maximum demodulator input 

Over temp, range 







■ 

Demodulator offset voltage 

Over temp, range 



50 



65 


Tempco of demodulator offset 

Over temp. 








Demodulator input current 

Over temp. 


-300 



-300 


nA 

Vr/ 2 accuracy 

Over temp. 

-3 

±0.5 

+ 3 

- 3 


+ 3 

% 

Output amplifier 

Input offset voltage 

Over temp. 

-7.5 


+ 7.5 

-10 


10 

mV 

Input bias current 

Over temp, range 

-500 

-300 



-300 


nA 

Input offset current 


-100 


100 




nA 

Gain 

Rl= lOkO over temp. 

90 

108 



100 


dB 

Slew rate 



1.5 






Gain bandwidth 

Ay = 1 


1 



1 


MHz 

Output voltage swing 

Rl= IOK over temp. 

1.5 


1 

+ 

> 




V 

Output short circuit current 




25 



25 

mA 

Oscillator current 

Over temp. 

0.095 

0.12 

0.15 


0.12 


mA/V-VR 
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LVDT SIGNAL CONDITIONER NE/SE5520 


TYPICAL PERFORMANCE CHARACTERISTICS 
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LVDT SIGNAL CONDITIONER 


NE/SE5520 


Preliminary 


ALL PIN NUMBERS REFER TO N PACKAGE 


INTRODUCTION 

An LVDT is an electromechanical trans¬ 
ducer which makes possible the measure¬ 
ment of very small motion in a structure or 
mechanical device. Mechanical motion is 
translated to an electrical signal which 
contains position information much as a 
radio frequency carrier contains sound in¬ 
formation. The position information from 
the LVDT is contained in the phase and 
amplitude of the output AC waveform. In 
order to remove the position information 
(demodulation), a system such as is 
shown in block form in Figure 1 must be 
used. Once signal demodulation is 
achieved the position data may be read 
out on a meter or digital display in addi¬ 
tion to being processed by microproces¬ 
sor or computer. The Signetics NE5520 is 
a new Monolithic LVDT Driver-Demodu¬ 
lator designed to interface with most 
LVDT’s presently being used in the In¬ 
dustry. 

Uses will range over a large number of 
potential applications including the accu¬ 
rate measurement of position, pressure, 
load weight, angular position and even ac¬ 
celeration. Historically, LVDT’s have been 
used in the following applications: 

• Load cell 

• Linear motion 

• Torque cell 

• Vibration 

• Fluid pressure 

• Accelerometer 

• Inclinometer 

• Seismic load cell 
MOTION MAY-BE 

• Linear 

• Rotary 

The NE5520 provides sinusoidal drive to 
the Linear Variable Differential Trans¬ 
former (LVDT), the output of which is buf¬ 
fered, rectified and phase demodulated to 
obtain both direction and displacement in¬ 
formation in the form of a DC output 
signal (Figure 2). 


THE LVDT WITH SINEWAVE EXCITATION AND SYNCHRONOUS DEMODULATION 


CORE POSITION 


SYNCHRONOUS 

DEMODULATOR 


SECONDARY SECONDARY 
1 2 



fo 



UUUU 
2 fo 


SIGNAL OUTPUT 


DISPLACEMENT 


Figure 1 


LVDT SYSTEM TRANSFER FUNCTION 
VOUT 



Figure 2 


LVDT LOADING 

Due to the loosely coupled characteristics 
of the typical LVDT, loading effects versus 
frequency may be critical to a successful 
design. The graph (Figure 3A) shows this 
relationship in the form of a family of 
curves relative to LVDT core displacement 
for 400Hz and 2500Hz. From the curves it 
is obvious that the linearity and output 
level versus displacement is superior for 
an LVDT operated at 2000Hz with a very 
high Impedance load (0.5 meg ohm). The 


NE/SE5520 demodulator presents a very 
high input impedance to the LVDT second¬ 
ary for maximum linearity. (Fig. 3B) 

LVDT INTERFACING: SIGNAL 
CONDITIONING IS REQUIRED 

In order to obtain usable Information from 
the LVDT a series of signal conditioning 
circuit operations are required. First, a 
stable source of constant frequency ex¬ 


citation voltage must be applied to the 
primary of the LVDT. 

Next some form of demodulator is needed 
to extract position information from the 
LVDT secondary output signal. A full wave 
rectifier will provide usable amplitude in¬ 
formation when adequately filtered, how¬ 
ever, relative phase Information is lacking. 
In order to obtain both phase and ampli¬ 
tude information synchronous demodula¬ 
tion is needed. This type of demodulator 
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LVDT SIGNAL CONDITIONER 


NE/SE5520 


I Preliminary 


OUTPUT CHARACTERISTICS OF A TYPICAL LVDT FOR VARIOUS LOADS 
AND EXCITATION FREQUENCIES 





IZ 

r 




ii 


_ 



A 
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2 
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NOTE; INTERNAL BUFFER AMP PROVIDES HIGH IMPEDANCE LOAD TO SECONDARY. 


0.150 0.050 0 0.050 0.150 

CORE DISPLACEMENT INPUT 10 VOLTS 

BY PERMISSION SCHAEVITZ ENGINEERING 

“HANDBOOK OF MEASUREMENT AND CONTROL” BY HERCEG. 


Figure 3b 


Figure 3a 


CORE DISPLACEMENT 


NULL 

rYYY^ 

DEMODULATOR 

OUTPUT 


uuuu 

WAVEFORM 


Figure 3c 



exists in the Signetics NE5520. Once 
phase and amplitude information is ob¬ 
tained in the form of a polar full wave recti¬ 
fied signal (see Figure 3C) from the syn¬ 
chronous demodulator, the carrier compo¬ 
nent (actually 2nd harmonic of the carrier 
plus higher order spectral components) 
must be filtered out leaving only the true 
position information. This is accom¬ 
plished by passing the demodulated sig¬ 
nal through a low-pass active filter. An 
auxiliary operational amplifier is provided 
for this purpose within the NE5520, in ad¬ 
dition to adjustabie signal gain for proper 
full scale output (span adjustment). In ad¬ 
dition, DC offsets are nulled by a simple 
offset adjustment at the auxiliary ampli¬ 
fier. The resulting system is a complete 
LVDT signal conditioner. Figure 4 shows a 
block diagram of the NE5520. The device 


will operate in a single supply range from 
5 to 25 volts DC or with split supplies of 
± 5 to ±12 volts DC. A device current, Iqc. 
of 10 milliamperes at an operating voltage 
of 10 volts is typical. 

DESCRIPTION OF THE NE5520 
(Figure 4) 

The NE5520 oscillator consists of a tri¬ 
angle wave generator, a current source- 
sink circuit which switches when the 
capacitor voltage reaches discrete ievels 
at 1/4 and 3/4 Vref- The total swing being 
Vref /2 p-p. The triangle wave is fed 
into a non-linear load which generates a 
sinusoidal waveform with low distortion. 
The sine wave output is then buffered by 
two op amps, the output of which appear 
on pins 9 and 10 in phase opposition. This 


then is the excitation signal for the LVDT 
primary. 

The second major functional portion of 
the NE5520 is the synchronous demodu¬ 
lator and this section performs full wave 
rectification in phase synchronism (pin 6) 
with the above oscillator output. In order 
to extract true position information, the 
phase relationship of the LVDT secondary 
must be obtained. This means that as the 
LVDT core passes through null an abrupt 
180® phase change occurs. Once full wave 
rectification is accomplished, the result¬ 
ing signal carrier frequency must be re¬ 
moved by filtering. Demodulator output 
appears on pin 5. This is accomplished by 
an active filter incorporating the auxiliary 
op amp (pins 1, 2, 3). The original position 
information then appears ripple free on 
pin 1 of the auxiliary amplifier. 
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other functions include buffer amplifier 
feedback in the oscillator circuit. The loop 
is closed with negative feedback around 
both amplifiers (pin 10 to 11) operating at 
unity gain. 

The oscillator timing capacitor controls 
the frequency as shown in the graph, Fig¬ 
ure 5. The frequency is related by the 
equation fosc= Absolute output 

frequency will vary slightly with supply 
voltage. 


BIASING THE REFERENCE 
Vref (PIN 12) 

The manner in which the Vr pin is biased 
will effect the output voltage function of 
the NE5520 and consideration must be 
given to this in order to arrive at an opti¬ 
mum system design. There are two basic 
modes of operation involved as listed 
below: 



1) Ratiometric 

2) Fixed Reference 

With the ratiometric mode, pin 12 (Vrer) is 


connected to pin 14 (+V). Since Vr con¬ 
trols the DC common mode voltage of the 
demodulator and the oscillator rms out¬ 
put, these magnitudes will now change 
with supply voltage. The DC output from 
pin 1, using a single ground referenced 
supply, will be ratiometric with the supply 
voltage and centered within the common 
mode range of the output amplifier when 
the LVDT transducer Is at null. Single or 
dual supply operation will be ratiometric 
when -I- V is connected to Vr. 

The alternate method of biasing is the 
fixed reference mode with pin 12 (Vr) con¬ 
nected to a fixed reference voltage such 
as -I- 10 volts and pin 14 (-f V) allowed to 
vary with an incoming poorly regulated 
supply. This might occur in automotive 
applications where battery voltage may 
vary from 10 to 14 volts. However, with a 
fixed reference driving Vr, DC voltage at 
the output will not vary with supply but 
will vary within the common mode limits 
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of the amplifier as the LVDT core traverses 
its path. Output voltage of pin 1 at LVDT 
null will be Vr/ 2. Thus, for the case men¬ 
tioned with Vr= 10 volts, the null voltage 
will be -1-5 volts. The maximum linear 
swing would be 1.5-8.5 volts around this 
value. The fixed reference mode may be 
used with single or dual supply operation. 

DUAL SUPPLY OPERATION 

When connected to a typical LVDT trans¬ 
ducer as shown in Figure 6, the NE5520 
will exhibit an extremely linear transfer 
function. Very important to precision posi¬ 
tion measurement is the inherent repeat¬ 
ability of the system. The graphs in Figure 
7A, B illustrate the highly linear transfer 
function and its repeatable accuracy with 
different supply voltages, in this case ±6 
and ± 10 volts. The transducer motion was 
over a range of ± 150 milli-inches each 
side of the LVDT null. Typical DC output 
signal is shown with an output amplifier 
gain of X10 in both cases. Note that line¬ 
arity remains constant, however, full scale 
output varies with supply voltage. This is 
due to the increased excitor drive to the 
LVDT with increased supply voltage. LVDT 
output is a linear function of excitor ampli¬ 
tude on the primary winding. The addition 
of a single gain control may easily be 
added between pins 1 and 3 to reduce gain 
in order to retain constant output for dif¬ 
ferent supply voltages (see Figure 8) or Vr 
may be connected to a fixed voltage. (See 
‘Biasing.’) 



TYPICAL GAIN ADJUST CIRCUIT 



Figure 8 


It is strongly recommended that dual out¬ 
put tracking regulated supplies be used in 
this type of application in order to mini¬ 
mize system DC offset and impaired mea¬ 
surement accuracy due to power supply 
unbalance. An optional circuit capable of 
automatically tracking and nulling power 
supply offset is shown in Figure 9. The 
bipolar output signal is referenced to 
ground. 


TYPICAL MEASURING SYSTEM 
(RATIOMETRIC MODE) 



Figure 6 
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AUTO PSRR FOR USE WITH NON-TRACKING SUPPLIES 




COMPENSATED 

SIGNAL 

OUTPUT 


Figure 9 


NULLING PROCEDURE 
(Ref Fig. 9) 

1. Null transducer position by observing 
pin 4 waveform. Set supply voltage for 
± 6.00 volts. 

2. Set offset adjust pot (feeds pin 3 of 
NE5520) for 0.00 volts and DC at pin 1 
of N E5520. 

3. Adjust offset null pot (NE6612) for zero 
output on Terminal A. 

4. Check for equal voltage ± deflection 
when transducer is displaced equal 
distances from physical null position. 

5. Adjust tracking control for minimum 
DC output change when either supply 
Is varied over operating range at ‘A’. 

SINGLE SUPPLY OPERATION 

Single ended supply operation requires a 
different circuit approach to obtain mea¬ 
surement system interface. Figure 10 
shows a typical circuit using a single 
10-volt supply. Note that the output (pin 1) 
of the NE5520 is now floating above 
ground at approximately Vr/ 2. Simple 
measuring circuits may be realized (Fig¬ 
ures 11 A, B, C) by placing a DC microam¬ 
meter between pin 1 and a resistive divider 
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creating a bridge readout which is ratio- 
metric with supply voltage variations. In 
case more precision is necessary, a buffer 
amplifier may be added between the volt¬ 
age divider or Vp/2 and the readout circuit 
in order to minimize offset due to measur¬ 
ing circuit loading. DC offset due to inter¬ 
nal tracking error in the NE5520 may be 
reduced by using the nulling circuit shown 
in Figure 12. Offset sensitivity and its ef¬ 
fect on system accuracy will be inversely 
proportional to full scale signal output of 
the NE5520 which is a function of the DC 
gain of the auxiliary amplifier and LVDT 
output. A typical full scale output with 
10-volt supply operation is Vr/ 2±3.5 volts 
with gain equal to 10. 



D.C. OFFSET ADJUST 


+ Vcc 



OUT 


Figure 12 


MATCHING THE NeSE5520 TO 
LOW IMPEDANCE LVDT’s 

The NE5520 exciter output is capable of 
driving LVDT primary windings with a min¬ 
imum impedance of IK ohm. When a sig¬ 
nificantly lower Impedance primary is 
driven by the device some form of step- 
down impedance matching or a power buf¬ 
fer is recommended. Figure 13 shows a 
step-down matching transformer ap¬ 
proach. A transformer with primary imped¬ 
ance of approximately 1K ohm (audio type) 
with the proper secondary Impedance to 
match the LVDT primary Is used to couple 


oscillator excitation. Depending on the 
output efficiency of the LVDT, output sig¬ 
nal losses may occur with a correspond¬ 
ing loss in measuring sensitivity. The aux¬ 
iliary amplifier gain may be increased to 
offset this loss. 

A second approach makes use of a power 
buffer amplifier constructed from discrete 
transistors (2N2222, 2N3644). This circuit 
(Figure 14) results in less signal loss and 
is inexpensive. A DC decoupling capacitor 
must be used to prevent DC offset cur¬ 
rents from flowing in the LVDT primary 
winding. A 3dB signal reduction is noted 
when driving a 15-ohm load to 6 volts peak 
to peak (10-volt operation); and 12 voits 
peak to peak for 20-volt supply. 


NE5520 TEMPERATURE 
COMPENSATION 

Internal offset voltages originating in the 
NE5520 synchronous demodulator require 
external compensation to obtain best 
measurement accuracy when operating 
over the full temperature range. The cir¬ 
cuits shown (Figures 15A, B) give a simple 
approach using a thermistor inserted in 
series with the offset null resistors to 
reduce voltage drift to a reasonable level. 
These tolerances are based on ± 3.5 volts 
full scale output for LVDT displacements 
each side of physical null. A thermistor 
having a positive coefficient of -i-0.7%/°C 
is used. Obviously, if the total divider 
resistance is changed a different ther¬ 
mistor resistance will be required. 


DRIVING LOW Z LVDT’S WITH THE NE/SE5520 


+ v 



Figure 13 
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VR 


l^osc 


wsm 






0 10 20 30 40 50 60 70 

TEMPERATURE »C 


' +0.7%/®C 
THERMISTOR 


VOUT 

F.S. = 5V±3.5V 


• WITH TEMPERATURE COMPENSATION 0-70®C 


Figure 15a 


Figure 15b. 
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NE5520 LVDT DRIVER 
DEMODULATOR APPLICATIONS 


OPERATED WITH A SINGLE 
POWER SUPPLY 

The NE5520 may be operated with a single 
ended power supply ranging from + 5 to 
25 volts. 

A very simple motion transducer may be 
constructed using the circuit shown in 
Figure 19A, B. The output is biased to one- 
half the supply voltage. This requires 
special interface circuitry for the signal 
readout. One simple method is to use a 
zero center meter in a bridge configura¬ 
tion as shown. Displacement now may be 
measured as a positive or negative meter 
reading. Readout sensitivity is a function 
of the particular LVDT and of the gain of 
the error amplifier. DC offsets may be 
nulled by using a simple offset adjustment 
circuit as indicated. 

The transducer is centered in its displace¬ 
ment and the offset adjust pot set for a 
zero meter reading. Once this procedure is 
completed, the circuit is capable of mak¬ 
ing measurements based on transducer 
displacement. Displacement sensitivity is 


a function of the LVDT transducer rated in 
volts-per-inch in addition to the transfer 
gain of the NE5520 demodulator. The in¬ 
put excitation is generally a fixed level as 
is the LVDT transducer transformer ratio. 
However, the auxiliary gain stage may be 
used to adjust the overall system sensitiv¬ 
ity. This section of the device Is also used 
to obtain a low-pass active filter for the 
smoothing of demodulator ripple. The 
design examples use a simple VCVS low- 
pass filter which allows gain and cut-off 
frequency to be adjusted Independently. 
Gain equals ten in the example. 

Note that using a single supply results in a 
DC common mode voltage at the output of 
one-half the reference voltage on pin 12. 
This voltage Vr may be equal to but not 
greater than the supply voltage on pin 14. 

LVDT MEASURING CIRCUIT 
USING A DUAL SUPPLY 

A second mode of operation makes use of 
dual power supply. A common choice may 
be ± 5, ± 6, or ± 10 volts. Special consid¬ 
eration must be made in properly biasing 
the Internal circuitry to operate under 
these conditions. Figure 20 shows a sim¬ 
ple design for working with ± 6-volt sup¬ 
plies. Special provisions for minimizing 


DC power supply offsets may be made by 
using the NE5512 dual op amp as a track¬ 
ing voltage source and difference ampli¬ 
fier-output buffer (see Figure 9). A second 
method is to use a dual tracking regulator 
to supply the NE5520. 

LVDT IN CLOSED LOOP SERVO 

The LVDT provides an excellent method of 
obtaining position information for closed 
loop servo drive systems. Pressure rollers, 
hydraulic drivers, and motor driven linear 
motion transducers are a few of the gen¬ 
eral applications which may benefit from 
the accuracy and speed of response inher¬ 
ent in the LVDT sensor. 

A simple block diagram (Figure 21A) 
shows one possible application in which 
the NE5520 with LVDT sensor provides 
accurate position control in a closed loop 
servo. Linear motion from millimeters to 
inches of translational motion are possi¬ 
ble using the LVDT technique. 

In practice the position voltage may be the 
output of a D/A converter which in turn is 
activated digitally from a controlling 
microprocessor. Keyboard information or 
software commands are translated direct¬ 
ly into mechanical motion (Figure 21B). 


7-28 


Signetics 








ANALOG DIVISION 


MARCH 1982 


LVDT SIGNAL CONDITIONER 


NE/SE5520 


Preliminary 


LVDT SECONDARY PHASE 
ANGLE COMPENSATION BY 
EXCITATION FREQUENCY 

The LVDT has a frequency dependent 
phase shift associated with the particular 
characteristics of the device and its exci¬ 
tation frequency. This phase shift is in ad¬ 
dition to the 180“ shift which occurs when 
passing through null position. 

By adjusting the frequency of the sine 
wave excitation a condition results which 
causes secondary voltage to be in phase 
with primary excitation. The adjustment of 
relative primary and secondary phase 
angles has several effects. First, if the 
primary excitation is referenced to the 
synchronous demodulator, as in the 
NE5520, optimum rectification occurs at 
zero phase differential between secondary 
AC phase and demodulator switching rela¬ 
tive to the waveform zero crossings. Sec¬ 
ond, “Exciting an LVDT at its zero phase 
angle frequency results in minimum sensi¬ 
tivity to frequency and temperature varia¬ 
tions’’ (Schaevitz Handbook of Measure¬ 
ment and Control, 1976). 


LIMITING LVDT EXCITATION TO PREVENT DEMODULATOR DISTORTION 


+v 



Figure 16 


DEMODULATOR SYNC PHASE 

A second method of phase compensation 
of the NE5520 versus the LVDT is to use a 
variable phase shift network between the 
oscillator output and the sync input to the 
NE5520. This is shown in Figure 17. The 
oscillator frequency remains fixed and the 
pot is tuned for optimum demodulator 
phasing. 

It is emphasized that an external phasing 
adjustment as outlined above is not al¬ 
ways necessary. Some LVDT’s operating 
in the 1-5kHz range will be near zero 
phase and will need no phase compensa¬ 
tion. Experimental evaluation of the proto¬ 
type design combined with system speci¬ 
fications will be the best means of making 
this decision. 

Waveform photo in Figure 18A-B, shows 
the demodulator output signal when phas¬ 
ing of the synchronous demodulator is 
correct (A) and Improperly adjusted (B). 

Proper phasing of the sync signal to the 
demodulator results in optimum sensitiv¬ 
ity and linearity. 


EXTERNAL PHASE ADJUSTMENT 


+ 10V 



EXAMPLE: Ro = 10Kn 

f 0 = 2900Hz 

C6 = 2nf 

A(A = —tan"^wRC 
= -20'> 


Figure 17 
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NE5520 LVDT MEASURING CIRCUIT WITH LIMIT DETECTOR 


/ PHASE ADJ. 
20Kfi 


_.002^F^^qY 

4- 0 .VF 




VR/2 I ^ 

BUFFER AMP I NE535 


T-THERMISTOR 
+ 0.7%IOC 
240i] 

MIDWEST COMPONENTS INC. 
1K-240K 


Y , c SO^tA-O-SO/iA 
16.9KQ 1Kfi VF meter 


LVDT 

SCHAEVITZ 

0300HR 


[LIMIT 

DETECTOR] 


rVf 

1.5V .VF 

KQ 16.5K 1 _L 


KI-ELECTROL RELAY 
RA3081051 5 VOLT 
Ql—2N2222 


Figure 19b 
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NE5520 LVDT DRIVER-DEMODULATOR <fo = 2900Hz> 



NULL 


Figure 20 
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LVDT SIGNAL TRANSMISSION 
BY CURRENT LOOP 

In certain situations the demodulated out¬ 
put signal must be transmitted over long 
wires or cables before reaching the signal 
monitoring equipment. The receiver end 
may consist of chart recorders, digital 
panel meters and computers or micro¬ 
processors. In some systems many LVDT 
signals must be monitored from different 
locations thus requiring variable wire 
length between transmitter and receiver, 
thus a different line resistance in each 
case. If voltage feed were used, signal 
accuracy would be affected by line 
resistance. This need for accurate signal 
transmission necessitates the use of a 
current loop. A current loop develops a 
current exactly in proportion to the 
demodulated LVDT output voltage. It is 
not affected by line resistance within cer¬ 
tain limits governed by the current 
generator. 

The conversion to current loop output may 
facilitate a bipolar output from a dual sup¬ 
ply system as in Figure 22. A third method 
uses the Vr /2 common mode reference to 
create a null balance signal circuit which 
is converted to a bipolar current signal 
corresponding to the LVDT transducer 
null (i.e. physical displacement center null 
position at which zero current occurs). 
This method is shown in Figure 23 and re¬ 
quires the use of an external dual op amp, 
half of which is used to provide a buffered 
reference (Vp/g) voltage return for the cur¬ 
rent loop. With R 2 = 200 ohms the current 
loop sensitivity Is 5 mllliamperes per volt 
of Input signal. In all cases, the current 
output to the loop receiver will remain 
constant with fixed input voltage (LVDT 
demodulator) even for varying line resist¬ 
ance up to 600 ohms. This resistance must 
include all wire and load drops in the loop. 
Various full scale current limits require 
different supply voltages and without ex¬ 
ternal supplies will be limited by op amp 
swing characteristics. That is in order to 
force a given current across Rl+ Rg re¬ 
sults in an ultimate voltage limit from the 
op amp output in the current converter as 
total resistance increases. 

A fourth method uses an external supply 
and discrete transistor controlled by the 
closed loop op amp referenced to shunt 
resistor Rsh in the emitter return circuit. 
This of course is a unipolar current loop. 
See Figure 24. 


NE5520 POSITION SERVO WITH LVDT SENSOR 



Figure 21a 


MICROPROCESSOR CONTROL INTERFACE 



Figure 21b 
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NE5520 LVDT SYSTEM WITH BIPOLAR CURRENT LOOP USING NE540 
POWER DRIVER 


V|N (volts) 9 4.7#iF lo (mllllamps) 


INPUT 
SIGNAL 
- 10K8 


•NOTE: • HEAT SINK REQUIRED TO 

LIMIT DISSIPATION OF NE540 

• RLMAX = 600n 

• SENSITIVITY 5mA/VOLT 


Figure 22 
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Some systems in common use require two 
wire source to include both the device 
operating current and the signal loop cur¬ 
rent. Thus the quiescent device current 
must be nulled out at the receiver end 
leaving the residual signal loop current. 
The NE5520 is not well suited to this par¬ 
ticular design since the device standby 
current is approximately 10 milliamperes. 


A current loop operated from supply volt¬ 
age sources at the transducer location is a 
better choice for the operation of an out¬ 
put signal loop where long lines must 
carry locally generated LVDT signals after 
demodulation back to the monitor site. 
Supply voltages in the range from 20 to 48 
volts will fill nearly every loop require¬ 
ment. 


POSITIONING THE NE/SE5520 
LVDT 3-WIRE REMOTE DRIVER 
DEMODULATOR SENSING HEAD 

The NE5520 may be placed in close prox¬ 
imity to the LVDT transducer provided the 
environment stays within device specifi¬ 
cations. This physical arrangement allows 
only DC supply and low frequency signal 
lines (3 wires) being run between the 
transducer-conditioner unit and the signal 
processing station as shown In Figure 25. 


NE5520 WITH UNIPOLAR CURRENT SOURCE 



Figure 24 


POSITIONING THE NE/SE5520 LVDT 3 WIRE REMOTE DEMODULATOR 
SENSING HEAD 



Figure 25 
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MULTIPLE TRANSDUCER OPERATION — SYNCHRONOUS OSCILLATOR MODE 

LVDT-1 



Figure 26 
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DESCRIPTION 


FEATURES 


PIN CONFIGURATIONS 


The LM111 series are voltage comparators 
that have input currents approximately a 
hundred times lower than devices like the 
juA710. They are designed to operate over a 
wider range of supply voltages; from 
standard ±15V op amp supplies down to 
the single 5V supply used for 1C logic. Their 
output is compatible with RTL, DTL, and 
TTL as well as MOS circuits. Further, they 
can drive lamps or relays, switching volt¬ 
ages up to 50V at currents as high as 50mA. 

Both the inputs and the outputs of the 
LM111 series can be isolated from system 
ground, and the output can drive loads 
referred to ground, the positive supply or 
the negative supply. Offset balancing and 
strobe capability are provided and outputs 
can be wire OR’ed. Although slower than 
the /iA710 (200ns response time vs 40ns) 
the devices are also much less prone to 
spurious oscillations. The LM111 series has 
the same pin configuration as the /iA710 
series. 


Operates from single 5V supply 
Maximum input bias current: 150nA 
(LM311 -250nA) 

Maximum offset current: 20nA (LM311 - 
50nA) 

Differential input voltage range: ±30V 
Power consumption: 135mW at ±15V 
High sensitivity—200V/mV 


EQUIVALENT SCHEMATIC 



N PACKAGE 


GND[i 

INPUT [2 ' 

INPUT d , 

V- S 


S v+ 

I] OUTPUT 
1] BAL/STROBE 
H BALANCE 


TOP VIEW 

ORDER NUMBERS 

LM211N/LM311N 

LM311D 


F,N-14 PACKAGE 


NC 

GND 

INPUT 

INPUT 

NC 

V- 

BALANCE 


NC 
NC 
NC 
V + 

NC 

OUTPUT 

BALANCE/ 

STROBE 



TOP VIEW 

ORDER NUMBERS 

LM111F/LM211F/LM211N-14 

LM311F/LM311N-14 


H PACKAGE* 



ORDER NUMBERS 

LM111H/LM211H/LM311H 

•Metal cans (H) not recommended for new designs 
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ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Total supply voltage 

36 

V 

Output to negative supply voltage: 



LM111/LM211 

50 

V 

LM311 

40 

V 

Ground to negative supply voltage 

30 

V 

Differential input voltage 

±30 

V 

Input voltagei 

±15 

V 

Power dissipation2 

500 

mW 

Output short circuit duration 

10 

sec 

Operating temperature range 



LM111 

-55 to +125 


LM211 

-25 to +85 


LM311 

0 to +70 


Storage temperature range 

-65 to +150 


Lead temperature 

300 

°C 

(soldering, 10sec) 




DC ELECTRICAL CHARACTERISTICS 1.2.3 


PARAMETER 

TEST CONDITIONS 

LM111/LM211 

LM311 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input offset voltage4 

Ta = 25° C, Rs < 50kn 


0.7 

3.0 


2.0 

7.5 

mV 

Input offset current4 

Ta = 25°C 


4.0 

10 


6.0 

50 

nA 

Input bias current 

Ta = 25°C 


60 

100 


100 

250 

nA 

Voltage gain 

Ta = 25° C 


200 



200 


V/mV 

Response times 

Ta = 25°C 


200 



200 


ns 

Saturation voltage 

ViN ^ -5mV, louT = 50mA 









Ta = 25°C 


0.75 

1.5 


0.75 

1.5 

V 

Strobe on current 

Ta = 25°C 


3.0 



3.0 


mA 

Output leakage current 

ViN > 5mV, VouT = 35V 









Ta = 25° C, IsTROBE = 3mA 


0.2 

10 


0.2 

50 

nA 

Input offset voltage4 

Rs <50kn 



4.0 



10 

mV 

Input offset current4 




20 



70 

nA 

Input bias current 




150 



300 

nA 

Input voltage range 



±14 



±14 


V 

Saturation voltage 

V+ > 4.5V, V- = 0 









ViN ^ -6mV, IsiNK 8mA 


0.23 

0.4 


0.23 

0.4 

V 

Output leakage current 

ViN ^ 5mV, VouT = 35V 


0.1 

0.5 




mA 

Positive supply current 

Ta = 25°C 


5.1 

6.0 


5.1 

7.5 

mA 

Negative supply current 

Ta = 25°C 


4.1 

5.0 


4.1 

5.0 

mA 


NOTES 


1. This rating applies for±15V supplies. The positive input voltage limit is 30V above the 
negative supply. The negative input voltage limit is equal to the negative supply 
voltage or 30V belo\w the positive supply, whichever is less. 

2. Themaximum junction temperature of the LM3il is 110® C. For operating at elevated 
temperatures, devices in the TO-5 package must be derated based on a thermal 
resistance of 150®C/W, junction to ambient, in the N package, a thermal resistance of 
162® C/W, and ®C/W for the Ceramic package. The maximum junction temperature of 
the LM111 is 150®C, while that of the LM211 is 110®C. For operating at elevated 
temperatures, devices in the TO-5 package must be derated based on a thermal 
resistance of 150® C/W, junction to ambient. The thermal resistance of the Cerdip 
package is 110° C/W, junction to ambient. 


3. These specifications apply for Vs = ±15V and 0®C < Ta < 70®C unless otherwise 
specified. With the LM211, however, all temperature specifications are limited to 
-25®C < Ta< 85®C and for the LM111 is limited to -55®C < Ta < 125®C. The offset 
voltage, offset current and bias current specifications apply for any supply voltage 
from a single 5V supply up to ±15V supplies. 

4. The offset voltages and offset currents given are the maximum values required to drive 
the output within a volt of either supply with 1 m A load. Thus, these parameters define 
an error band and take into account the worst case effects of voltage gain and input 
impedance. 

5. The response time specified (see definitions) is for a lOOmV input step with 5mV 
overdrive. 
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DUAL VOLTAGE COMPARATOR 


LM119/219/319 


DESCRIPTION FEATURES 


PIN CONFIGURATIONS 


The LM119 series are precision high speed 
dual comparators fabricated on a single 
monolithic chip. They are designed to oper¬ 
ate over a wide range of supply voltages 
down to a single 5V logic supply and 
ground. Further, they have higher gain and 
lower input currents than devices like the 
/iA710. The uncommitted collector of the 
output stage makes the LM119 compatible 
with RTL, DTL and TTL as well as capable of 
driving lamps and relays at currents up to 
25mA. , 

Although designed primarily for applica¬ 
tions requiring operation from digital logic 
supplies, the LM119 series are fully speci¬ 
fied for power supplies up to ±15V. It fea¬ 
tures faster response than the LM111 at the 
expense of higher power dissipation. How¬ 
ever, the high speed, wide operating voltage 
range and low package count make the 
LM119 much more versatile than older de¬ 
vices like the )uA711. 

The LM119 is specified from -55° C to 
+125°C, the LM219 is specified from -25° C 
to +85° C, and the LM319 is specified from 
0°C to +70° C. 

EQUIVALENT SCHEMATIC 


• Two independent comparators 

• Operates from a single 5V supply 

• Typically 80ns response time at ±15V 

• Minimum fan-out of 3 (each side) 

• Maximum input current of IjuA over 
temperature 

• Inputs and outputs can be isolated from 
system ground 

• High common mode slew rate 

• MIL-STD-883 A, B, C available 
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DUAL VOLTAGE COMPARATOR 


LM119/219/319 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Totai suppiy voitage 

36 

V 

Output to negative suppiy voltage 

36 

V 

Ground to negative suppiy voltage 

25 

V 

Ground to positive suppiy voitage 

18 

V 

Differentiai input voitage 

±5 

V 

Input voltagei 

±15 

V 

Power dissipations 

500 

mW 

Output short circuit duration 

10 

s 

Operating temperature range 



LM119 

-55 to +125 

°C 

LM219 

-25 to +85 

°C 

LM319 

0 to +70 

°C 

Storage temperature range 

-65 to +150 

°C 

Lead temperature (soldering, 10sec) 

300 

°C 


NOTES 


1. For supply voltages less than ±15V, the absolute maximum rating is equal to the 
supply voltage. 

2. The absolute maximum junction temperature is 150°C. Device dissipation must be 
derated as follows: 

N/K package—150° C/watt above 75° C 
F package —110° C/watt above 95° C 


DC ELECTRICAL CHARACTERISTICS Vs = ±15V, for LM119. -55°C < Ta < 125®C] 

LM219, -25°C < Ta < 85°C [ unless otherwise specified. 
LM319, 0 °C<Ta<70°C J 


PARAMETER 

TEST CONDITIONS 

LM119/219 

LM319 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input offset voltagei.2 

Rs<5Ka Ta = 25°C 


0.7 

4.0 


2.0 

8.0 

mV 



Over temp. 



7 



10 

mV 

los 

Input offset currenti,2 

Ta = 25°C 


30 

75 


80 

200 

nA 



Over temp. 



100 


. 

300 

nA 

Ib 

Input bias currenti 

Ta = 25°C 


150 

500 


250 

1000 

nA 



Over temp. 



1000 



1200 

nA 

Av 

Voltage gain 

Ta = 25°C 

10 

40 


8 




VoL 

Saturation voltage 

ViN = 5mV, louT = 25mA, Ta = 25°C 


0.75 

1.5 




V 



ViN = 10mV, louT = 25mA,TA = 25°C 





0.75 

1.5 

V 



V+ > 4.5V, V- = 0 










ViN = 6mV, louT = 3.2mA 










Ta>0°C 


0.23 

0.4 




V 



Ta<0°C 



0.6 







ViN = lOmV, louT = 3.2mA 





0.3 

0.4 

V 

lOH 

Output leakage current 

V- = OV, ViN = 5mV 




■■■ 






VouT = 35V, Ta = 25° C 


0.2 

2 




mA 



Over temp. 


1 

10 




mA 



V- = 0V, ViN = 10mV 










VouT = 35V, Ta = 25° C 





0.2 

10 

mA 

ViN 

Input voltage range 

Vs = ±15V 


±13 



±13 


V 



V+ = 5V, V- = OV 

1 


3 

1 


3 

V 

V|D 

Differential input voltage 




±5 



±5 

V 

1+ 

Positive supply current 

V+ = 5V, V- = OV, Ta = 25°C 


4.3 



4.3 


hiA 

1 + 

Positive supply current 

Vs = ±15V, Ta = 25°C 


8.0 

11.5 


8.0 

12.5 

mA 

1- 

Negative supply current 

Vs = ±15V, Ta = 25°C 


3.0 

4.5 


3.0 

5.0 

mA 


NOTES 


1. Vos. los and Is specifications apply for a supply voltage range of Vs=±15V down to a 2. The offset voltages and offset currents given are the maximum values required to drive 

single 5V supply. the output to within 1 volt of either supply with a 1 mA load. Thus these parameters 

define an error band and take into account the worst case effects of voltage gain and 
input impedance. 
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DUAL VOLTAGE COMPARATOR 


LM119/219/319 


AC ELECTRICAL CHARACTERISTICS 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 

Response time* 

Vs = ±15V, Ta = 25«C 

Rl = soon (see test figure) 


80 


ns 


•NOTE 

The response time specified is for a 100mV step with 5mV overdrive. 


TEST CIRCUIT 


RESPONSE TIME 
MEASUREMENT 





n 


TYPICAL PERFORMANCE CHARACTERISTICS 


TRANSFER FUNCTION 


40 
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INPUT CHARACTERISTICS 
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c 
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O 
v, 
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O 
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0 
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— 

Vs 

1 
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Rl 
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\ 

Ta 
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DUAL VOLTAGE COMPARATOR 


LM119/219/319 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont d) 


OUTPUT SATURATION VOLTAGE 


SUPPLY CURRENT 


OUTPUT LIMITING 
CHARACTERISTICS 



OUTPUT VOLTAGE — V 


SUPPLY VOLTAGE - V 


OUTPUT VOLTAGE - V 


INPUT CURRENTS 
(LM119/219) 


COMMON MODE LIMITS 
(LM119/219) 


SUPPLY CURRENT 
(LM119/219) 



-55 -15 5 45 85 125 


TEMPERATURE - °C 



TEMPERATURE — °C 











POS 

ITIV 

:su 

PPL 

L 

r, Vs 


15V 








- 
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LZi = 

5.0V 
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JEG/ 
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L 
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L 

Vs 

L 
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TEMPERATURE - °C 


INPUT CURRENTS 
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SUPPLY CURRENTS 
(LM319) 


COMMON MODE LIMITS 
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QUAD VOLTAGE COMPARATOR LM139/239/339 MC3302/LM2901 


DESCRIPTION 

The LM139 series consists of four inde¬ 
pendent precision voltage comparators 
with an offset voltage specification as low as 
2.0mV max for each comparator which were 
designed specifically to operate from a 
single power supply over a wide range of 
voltages. Operation from split power sup¬ 
plies is also possible and the low power 
supply current drain is independent of the 
magnitude of the power supply voltage. 
These comparators also have a unique 
characteristic in that the Input common 
mode voltage range includes ground, even 
though operated from a single power supply 
voltage. 

The LM139 series was designed to directly 
interface with TTL and CMOS. When oper¬ 
ated from both plus and minus power sup¬ 
plies, the LM139 series will directly interface 
with MOS logic where their low power drain 
is a distinct advantage over standard com¬ 
parators. 


FEATURES PIN CONFIGURATION 

• Wide single supply voltage range 2.0Vdc 
to 36Vdc or dual supplies ±1.0Vdc to 
±18Vdc 

• Very low supply current drain (0.8mA) 
independent of supply voltage (I.OmW/- 
comparator at S.OVdc) 

• Low input biasing current 25nA 

• Low input offset currrent ±5nA and offset 
voltage ±2mV 

• input common-mode voltage range in¬ 
cludes ground 

• Differential input voltage range equal to 
the power supply voltage. 

• Low output 250mV at 4mA saturation 
voltage 

• Output voltage compatible with TTL, 

DTL, ECL, MOS and CMOS logic sys¬ 
tems. 

APPLICATIONS 

• A/D converters 

• Wide range VCO 

• MOS clock generator 

• High voltage logic gate 

• Multivibrators 


D,F,N PACKAGE 


OUTPUT 2 [T 
OUTPUT 1 [~2~ 

V + [T 

INPUT 1 - [T 
INPUT 1 + \T 

input2-[T-| a a rp] 


ITl OUTPUT 3 
ITI OUTPUT 4 
TTI GND 
Til INPUT 4 + 
'tT| input 4- 
INPUT 3 + 


ORDER NUMBERS 

LM139/239/339F,N LM2901F,N 

MC3302F,N LM339D 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Vcc supply voltage 

36 or ±18 


Differential input voltage 

36 


Input voltage 

-0.3 to ±36 


Power dissipationi 



Molded DIP 

570 

mW 

CERDIP 

900 

mW 

Output short circuit to ground2 

Continuous 


Input current (Vin < -0.3Vdc)3 

50 

mA 

Operating temperature range 



LM139 

-55 to ±125 

°C 

LM239 

-25 to ±85 

°C 

LM339 

0 to ±70 


LM2901/MC3302 

-40 to ±85 

°C 

Storage temperature range 

-65 to ±150 


Lead temperature (soldering 10 sec.) 

300 



EQUIVALENT CIRCUIT 


(1 Comparator Only) 


v + 
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QUAD VOLTAGE COMPARATOR LM139/239/339 MC3302/LM2901 


DC ELECTRICAL CHARACTERISTICS V+ = SVdc, LM139: -55°C <Ta< 125°C unless otherwise specified 

LM239: -25° C < Ta 85° C unless otherwise specified 
LM339; 0°C < Ta < 70° C unless otherwise specified 


PARAMETER 

TEST CONDITIONS 


LM239/339 

UNIT 

Min 

ini 

EllliQII 




Vos Input offset voltages 

Ta = 25°C 

Over temp. 








VcM Input common mode voltage 
ranges 

Ta = 25°C 

Over temp. 

0 

0 


QSffi 


■ 



ViDR Differential input voltage4 

Keep all ViN's^ OVdc 
(or V-if used) 







1 

Ib Input bias current^ 

tiN(+) or liN(-) with 
output in linear range 

Ta = 25°C 

Over temp. 


25 

100 

300 


25 

250 

400 

nA 

los Input offset current 

I|N(+) - llN(-) 

Ta = 25°C 

Over temp. 


±3.0 

±25 

±100 


±5.0 


191 

lOL Output sink current 

ViN(-)^1Vdc, 

ViN(+) = 0. Vo <1. SVdc, 

Ta = 25°C 

6.0 

16 


6.0 

i 



loH Output leakage current 

V|N(+) > IVdc, V|N{-) = 0 

Vo = SVdc, Ta = 25°C 

Vo = 30Vdc, over temp. 


0.1 

1.0 


i 


nA 

mA 

Ice Supply current 

Rl = 00 on all comparators, 

Ta = 25° C 





H 


mA 

Av Voltage gain 

Rl> 15ka V+= 15Vdc 

Ta = 25°C 

50 




miji 


V/mV 

VoL Saturation voitage 

ViN(-) ^ IVdc, 

ViN(+) = 0, IsiNK < 4mA 

Ta = 25°C 

Over temp. 


250 

400 

700 


250 

400 

700 

mV 

Tlsr Large signai response time 

ViN = TTL logic swing, 

Vref = 1.4Vdc, 

VRL = 5Vdc, RL = 5.1kn, 

Ta = 25°C 


300 



300 


ns 

Tr Response times 

VRL = 5Vdc, RL = 5.1ka 

Ta = 25°C 


1.3 



1.3 


MS 


NOTES 

1. For operating at high temperatures, the LM339/339A, LM2901 and MC3302 must be 
derated based on a 125°C maximum junction temperature and a thermal resistance of 
175® C/W which appiies for the device soidered in a printed circuit board, operating in 
a stiil air ambient. The LM139/139A/239/239A must be derated on a 150®C maximum 
junction temperature. The low power dissipation and the “On-Off” characteristics of 
the outputs keep the chip dissipation very smail (Pp S lOOmW), provided the output 
transistors are allowed to saturate. 

2. Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current is approximately 20mA independent of the 
magnitude of V+. 

3. This input current will only exist when the voltage at any of the input leads is driven 
negative. It is due to the collector-base junction of the input PNP transistors becoming 
forward biased and thereby acting as input diode clamps. In addition to this diode 
action, there is also lateral NPN parasitic transistor action on the 1C chip. This 
transistor action can cause the output voltages of the comparators to go to the V+ 
voltage level (or to ground for a large overdrive) for the time duration that an input is 
driven negative. This is not destructive and normal output states will re-establish when 
the input voltage, which was negative, again returns to a value greater than -0.3Vdc. 


4. Positive excursions of input voltage may exceed the power supply level. As long as the 
other voltage remains within the common-mode range, the comparator will provide a 
proper output state. The low input voltage state must not be less than -0.3Vdc (or 
0.3Vdc below the magnitude of the negative power supply, if used). 

5. At output switch point, Vo s 1.4Vdc, Rs = On with V+ from SVdc to 30Vdc; and over the 
full input common-mode range (OVdc to V+ -1.5Vdc). 

6. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than 0.3V. The upper end of the common-mode voltage range 
is V+ -1.5V, but either or both inputs can go to 30Vdc without damage. 

7. The direction of the input current is out of the 1C due to the PNP input stage. This 
current is essentially constant, independent of the state of the output so no loading 
change exists on the reference or input lines. 

8. The response time specified is for a lOOmV input step with a 5mV overdrive. For iarger 
overdrive signals, 300ns can be obtained, see typical performance characteristics 
section. 
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QUAD VOLTAGE COMPARATOR LM139/239/339 MC3302/LM2901 


DC ELECTRICAL CHARACTERISTICS V+ = l5Vdc. MC3302 

LM2901/MC3302: -40°C < Ta < 85°C unless otherwise specified 


PARAMETER 

TEST CONDITIONS 

LM2901 

MC3302 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos Input offset voltages 

Ta = 25°C 

Over temp. 


±2.0 

±9 

±7.0 

±15 


±3.0 

±20 

±40 

mV 

VcM Input common mode voltage 
ranges 

Ta = 25°C 

Over temp. 

0 

0 


V±-1.5 

V±-2.0 



V±-1.5 

V±-2.0 

V 

ViDR Differential input voltage^ 

Keep all Vin s > OVdc 
(or V-if need) 



V± 



V± 

V 

Ib Input bias current^ 

liN(+) or liN(-) with 
output in linear range 

Ta = 25°C 

Over temp. 


25 

200 

250 

500 


25 

500 

1000 

nA 

los Input offset current 

I|N(+) - llN(-) 

Ta = 25°C 

Over temp. 


±5 

±50 

±50 

±200 


±5 


nA 

nA 

loL Output sink current 

ViN(-) > IVdc, 

ViN(+) = 0, Vo< 1.5Vdc. 

Ta = 25°C 

Vo = 800mV, 

Over temp. 

6.0 

16 


2.0 



mA 

loH Output leakage current 

ViN(+) ^ 1Vdc, ViN(-) = 0 

Vo = 5Vdc, Ta = 25°C 

Vo = 30V Over temp. 

Vo = 28V Ta = 25° C 

— 

0.1 

1.0 


0.1 

1.0 

nA 

mA 

Ice Supply current 

Rl = " on comparators, 

V+ = 5Vdc, Ta = 25°C 

V+ = 30V, Ta = 25°C 

V+ = 5to28Vdc, Ta = 25°C | 


0.8 

1.0 

2.0 

2.5 


0.8 

2.0 

mA 

Av Voltage gain 

_I 

Rl > 15kn, V+ = 15Vdc 

Ta = 25°C 

25 

100 


2 

100 


V/mV 

VoL Saturation voltage 

ViN(-) > 1Vdc, 

ViN(+) = 0, IsiNK < 4mA 

Ta = 25°C 

Over temp. 

IsiNK = 2mA, V+ = 5V 
to 28V, Ta = 25° C 


400 

400 

700 


150 

400 

mV 

Tlsr Large signal response time 

ViN = TTL logic swing, 

Vref = 1.4Vdc, 

Vrl = 5Vdc, Rl = 5.1ka 

Ta = 25°C 


300 



300 


ns 

Tr Response times 

Vrl = 5Vdc, Rl = 5.1 kn, 

Ta = 25°C 


1.3 



1.3 


MS 


Notes 1-8, refer to preceding page. 
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ANALOG DIVISION 

MARCH 1982 

QUAD VOLTAGE COMPARATOR 

LM139/239/339 MC3302/LM2901 

TYPICAL APPLICATIONS 



TWO-DECADE HIGH-FREQUENCY VCO 


VISIBLE VOLTAGE INDICATOR 




LIMIT COMPARATOR 

(12V DC) 



TTL TO MOS LOGIC CONVERTER 





CRYSTAL CONTROLLED OSCILLATOR 
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MARCH 1982 


QUAD VOLTAGE COMPARATOR 


LM139/239/339 MC3302/LM2901 


TYPICAL PERFORMANCE CHARACTERISTICS 


SUPPLY CURRENT 


INPUT CURRENT 


OUTPUT SATURATION VOLTAGE 



10 20 30 40 




V +-SUPPLY VOLTAGE-Vdc 


IO—OUTPUT SINK CURRENT (mA) 


RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES— 
NEGATIVE TRANSITION 


RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES- 
POSITIVE TRANSITION 
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MARCH 1982 


LOW POWER DUAL VOLTAGE COMPARATOR LM193/A/293/A/393/A/2903 


DESCRIPTION 

The LM193 series consists of two independ¬ 
ent precision voltage comparators with an 
offset voltage specification as low as 2.0mV 
max for two comparators which were de¬ 
signed specifically to operate from a single 
power supply over a wide range of voltages. 
Operation from split power supplies is also 
possible and the low power supply current 
drain is independent of the magnitude of the 
power supply voltage. These comparators 
also have a unique characteristic in that the 
input common mode voltage range includes 
ground, even though operated from a single 
power supply voltage. 

The LM193 series was designed to directly 
interface with TTL and CMOS. When oper¬ 
ated from both plus and minus power sup¬ 
plies, the LM193 series will directly interface 
with MOS logic where their low power drain 
is a distinct advantage over standard com¬ 
parators. 


ABSOLUTE MAXIMUM RATINGS 


FEATURES 

• Wide single supply voltage range 2.0Vdc 
to 36Vdc or dual supplies ±1.0Vdc to 
±18Vdc 

• Very low supply current drain (0.8mA) 
independent of supply voltage (2.0mW/- 
comparator at S.OVdc) 

• Low input biasing current 25nA 

• Low input offset current ±5nA and offset 
voltage ±2mV 

• Input common-mode voltage range in¬ 
cludes ground 

• Differential input voltage range equal to 
the power supply voltage. 

• Low output 250mV at 4mA saturation 
voltage 

• Output voltage compatible with TTL, 
DTL, ECL, MOS and CMOS logic sys¬ 
tems. 

APPLICATIONS 

• A/D converters 

• Wide range VCO 

• MOS clock generator 

• High voltage logic gate 

• Multivibrators 


PIN CONFIGURATIONS 



PARAMETER 

RATING 

UNIT 

Vcc supply voltage 

36 or ±18 

Vdc 

Differential input voltage 

36 

Vdc 

Input voltage 

-0.3 to ±36 

Vdc 

Power dissipation^ 



Molded DIP 

570 

mW 

Metal can 

900 

mW 

Output short circuit to ground2 

Continuous 


Input current (Vin < -0.3Vdc)3 

50 

mA 

Operating temperature range 



LM193/193A 

-55 to ±125 

‘’C 

LM293/293A 

-25 to ±85 


LM393/393A 

0 to ±70 


LM2903 

-40 to ±85 


Storage temperature range 

-65 to ±150 

"C 

Lead temperature (soldering 10 sec.) 

300 

1 

°C 


EQUIVALENT CIRCUIT 
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LOW POWER DUAL VOLTAGE COMPARATOR LM193/A/293/A/393/A/2903 


DC ELECTRICAL CHARACTERISTICS 


V+ = 5Vdc, 


LM193/193A 

LM293/293A 

LM393/393A 


-55°C < Ta < +125°C unless otherwise specified. 
-25°C < Ta ^ +85°C unless otherwise specified. 
0°C < Ta < +70°C unless otherwise specified. 


LM2903: -40°C < Ta < +85°C unless otherwise specified.7 






LM193A 

LM293A/393A 


LM2903 



PARAMETER 

TEST CONDITIONS 










UNIT 


Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 




Vos 

Input offset voltages 

Ta = 25°C 


±1.0 

±2.0 


±1.0 

±2.0 


±2.0 

±7.0 

mV 



Over temp. 



±4.0 



±4.0 


±9 

±15 


VCM 

Input common mode 

Ta = 25° C 

0 


V+-1.5 

0 


V+-1.5 

0 


V+-1.5 

V 


voltage rangeS.io 

Over temp. 

0 


V+-2.0 

0 


V+-2.0 

0 


V+-2.0 


ViDR 

Differential input 

Keep all Vin s ^ OVdc 



V+ 



V+ 



V+ 

V 


voltage^ 

(or V-if need) 











Ib 

Input bias currents 

liN(+) or I|N(-) with output in 













linear range 

Ta = 25° 0 


25 

100 


25 

250 


25 

250 




Over temp. 



300 



400 


200 

500 

nA 

los 

Input offset current 

llN(+) - llN(-) 

Ta = 25°C 


±3.0 

±25 


±5.0 

±50 


±5 

±50 

nA 



Over temp. 



±100 



±150 


±50 

±200 

nA 

lOL 

Output sink current 

V|N(-) > 1Vdc, ViN(+) = 0, 













Vo< 1.5Vdc, 













Ta = 25°C 

6.0 

16 


6.0 

16 


6.0 

16 


mA 

lOH 

Output leakage 

V|N(+) > 1Vdc, ViN(-) = 0 












current 

Vo = 30Vdc 

Over temp. 



1.0 



1.0 



1.0 

nA 



Vo = 5Vdc, Ta = 25°C 


0.1 



0.1 



0.1 


na 

Icc 

Supply current 

Rl = « on both comparators. 













Ta = 25° C 


0.8 

1 


0.8 

1 


0.8 

1 

mA 



V+ = 30V, over temp. 


1 

2.5 


1 

2.5 


1 

2.5 


Av 

Voltage gain 

Rl> 15ka,V+ = 15Vdc, Ta-25°C 

50 

200 


50 

200 


25 

100 


V/mV 

VoL 

Saturation voltage 

V|N(-) > IVdc, ViN(+) = 0, 













IsiNK < 4mA 

Ta = 25° C 


250 

400 


250 

400 



400 




Over temp. 



700 



700 


400 

700 

mV 

Tlsr 

Large signal 

V|N = TTL logic swing, 


300 



300 ! 



300 


ns 


response time 

Vref = 1.4Vdc, 













Vrl = 5Vdc, Rl = 5.1 kn, 













Ta = 25°C 











Tr 

Response times 

VRL = 5Vdc, RL = 5.1ka, 


1.3 



1.3 



1.3 


ixs 


-1 

Ta = 25° C 
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LOW POWER DUAL VOLTAGE COMPARATOR LM193/A/293/A/393/A/2903 


DC ELECTRICAL CHARACTERISTICS (Cont’d) V+ = 5Vdc, LM193/193A: -55°C < Ta < +125°c unless otherwise specified. 

LM293/293A: -25°C < Ta < +85°C unless otherwise specified. 
LM393/393A: 0°C < Ta < +70°C unless otherwise specified. 
LM2903: -40°C < Ta < +85°C unless otherwise specified.^ 






LM193 

LM293/393 




TEST CONDtTIONS 










Min 

Typ 

Max 

Min 

Typ 

Max 



Vos 

Input offset voltages 

Ta = 25°C 


±2.0 

±5.0 


±2.0 

±5.0 

mV 



Over temp. 



±9.0 



±9.0 



Input common mo(de voltage 

Ta = 25°C 

0 


V±-1.5 




■i 

■HI 

rangeS.io 

Over temp. 

0 


V±-2.0 

n 



■■ 

ViDR 

Differential input voltage4 

Keep all Vin s ^ OVcJc 



V+ 

ig 


v+ 




(or V-if need) 








Ib 

Input bias currents 

I|N(+) or liN(-) with output in 




■ 






linear range 

Ta = 25°C 


25 

100 

■ 

25 

250 

■■ 



Over temp. 



300 

■ 


400 


los 

Input offset current 

I|N(+) - llN(-) 

Ta = 25°C 


±3.0 


■ 






Over temp. 




■ 




lOL 

Output sink current 

ViN(-) > 1Vdc, V|N(+) = 0, 










Vo< I.SVdc, 

Ta = 25°C 

6.0 

16 

■ 




H 

■SH 

Output leakage current 

ViN(-H) > 1Vdc, ViN(-) = 0 








M 


Vo = 5Vdc, 

Ta=25°C 


0.1 



0.1 





Vo = 30Vdc, over temp. 



1.0 




Ha 

Icc 

Supply current 

Rl = « on both comparators 

m 



■ 



m 



Ta = 25°C 










V+ = 30V, over temp. 

1 



H 



H 

Av 

Voltage gain 

Rl> 15Ka, V+= 15Vdc 


1^1 



QEl 


V/mV 

VOL 

Saturation voltage 

ViN(-) > IVdc, ViN(+) = 0, 










IsiNK ^ 4mA 

Ta = 25°C 


250 

400 


250 

400 




Over temp. 



700 



700 

mV 

Tlsr 

Large signal response time 

ViN = TTL logic swing, 

Vref = 1.4Vdc, VRL = 5Vdc, 










RL = 5.1ka 

Ta = 25° C 


300 



300 


ns 

Tr 

Response times 

Vrl = 5Vdc, 

Rl = 5.1 kn, 

Ta = 25°C 


1.3 



1.3 


MS 


NOTES 

1. For operating at high temperatures, the LM393/393A and LM2903 must be derated 
based on a 125®C maximum junction temperature and a thermal resistance of 

175° C/W which applies for the device soldered in a printed circuit board, operating in 
a still air ambient. The LM193/193A/293/293A must be derated based on a 150°C 
maximum junction temperature. The low bias dissipation and the “On-Off” 
characteristics of the outputs keeps the chip dissipation very small (Pd ^ lOOmW), 
provided the output transistors are allowed to saturate. 

2. Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current is approximately 20mA independent of the 
magnitude of V+. 

3. This input current will only exist when the voltage at any of the input leads is driven 
negative. It is due to the collector-base junction of the input PNP transistors becoming 
forward biased and thereby acting as input diode clamps. In addition to this diode 
action, there is also lateral NPN parasitic transistor action on the 1C chip. This 
transistor action can cause the output voltages of the comparators to go to the V+ 
voltage level (or to ground for a large overdrive) for the time duration that an input is 
driven negative. This is not destructive and normal output states will re-establish when 
the input voltage, which was negative, again returns to a value greater than -0.3Vdc. 


4. Positive excursions of input voltage may exceed the power supply level. As long as the 
other voltage remains within the common-mode range, the comparator will provide a 
proper output state. The low input voltage state must not be less than -0.3Vdc (Vdc 
below the magnitude of the negative power supply, if used). 

5. At output switch point, Vo ^ 1.4Vdc, Rs = Ofl with V+ from 5Vdc to 30Vdc: and over the 
full input common-mode range (OVdc to V+ -1.5Vdc). 

6. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than 0.3V. The upper end of the common-mode voltage range 
is V+ -1.5V, but either or both inputs can go to 30Vdc without damage. 

7. With the LM293/293A, all temperature specifications are limited to -25°C < Ta ^ 
+85°C and the LM393/393A, all temperature specifications are limited to 0°C <Ta< 
+70°C. The LM2903 is limited to -40°C < Ta <85°C. 

8. The direction of the input current is out of the 1C due to the PNP input stage. This 
current is essentially constant, independent of the state of the output so no loading 
change exists on the reference or input lines. 

9. The response time specified is for a lOOmV input step with a 5mV overdrive. 

10. For input signals that exceed Vcc. only the overdriven comparator is affected. With a 
5V supply, V|N should be limited to 25V max., and a limiting resistor should be used on 
all inputs that might exceed the positive supply. 
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HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP NE/SE521 


FEATURES 

• 12ns maximum guaranteed propagation 
delay 

• 20iuA maximum input bias current 

• TTL compatible strobes and outputs 

• Large common mode input voltage 
range 

• Operates from standard supply voltages 

• Military qualifications pending 


APPLICATIONS 

• MOS memory sense amp 

• A-to-D conversion 

• High speed line receiver 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 


Supply voltage 


V 

V+ 

Positive 

+7 


V- 

Negative 

-7 


V|DR 

Differential input voltage 

±6 

V 

V|N 

Input voltage 


V 


Common mode 

±5 



Strobe/gate 

+5.25 


Pd 

Power dissipation 

600 

mW 

Ta 

Operating temperature range 

NE521 

Oto 70 



SE521 

-55 to +125 


Tstg 

Storage temperature range 

-65 to +150 

°C 

Lead temperature 

+300 



(solder, 60 sec) 




PIN CONFIGURATION 


D,F,N PACKAGE 



ORDER NUMBERS 

NE521D,F,N SE521F 


BLOCK DIAGRAM 



EQUIVALENT SCHEMATIC 
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HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP NE/SE521 


DC ELECTRICAL CHARACTERISTICS V+ = +5V, V- = -5V, = -55 to +125°C unless otherwise specified 


PARAMETER 

TEST CONDITIONS 

SE LIMITS 

UNITS 

Min 

Typ 

Max 

Vos 

Input offset voltage 

V+ = +4.5V, V- = -4.5V 




mV 


At 25° C 



6 

7.5 



Over temperature range 




15 


'bias 

Input bias current 

V+ = +5.5V, V- = -5.5V 




iuA 


At 25°C 



7.5 

20 



Over temperature range 




40 


'os 

Input offset current 

V+ = +5.5V, V- = -5.5V 




AiA 


At 25° C 



1.0 

5 



Over temperature range 




12 


VCM 

Common mode voltage range 

V+ = +4.5V, V- = -4.5V 

±3 



V 

ViL 

Low level input voltage 





V 


At 25° C 




0.8 



Over temperature 




0.7 


ViH 

High level input voltage 


2.0 



V 


Input current 

V+ = +5.5V, V- = -5.5V 





'IH 

High 

V|H = 2.7V 







1G or 2G strobe 



50 

AiA 



Common strobe S 



100 

M 

l|L 

Low 

V|L = 0.5V 







1G or 2G strobe 



-2.0 

mA 



Common strobe S 



-4.0 

mA 


Output voltage 

V|(S) = 2.0V 




V 

VOH 

High 

V+ = +4.5V, V- = -4.5V, I LOAD = -1 mA 

2.5 

3.4 



^OL 

Low 

V+ = +4.5V, V- = -4.5V, Iload= 10mA 



0.5 




Ta = 25° C, Iload = 20mA 



0.5 



Supply voltage 





V 

V+ 

Positive 


4.5 

5.0 

5.5 


V- 

Negative 


-4.5 

-5.0 

-5.5 



Supply current 

V+ = 5.5V, V- = -5.5V, Ta = 25°C 




mA 

'cc+ 

Positive 



27 

35 


'cc- 

Negative 



-15 

-28 


'sc 

Short circuit output current 


-35 


-115 

mA 


8-20 


Signetics 





ANALOG DIVISION 


MARCH 1982 


HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP NE/SE521 


DC ELECTRICAL CHARACTERISTICS (Cont’d) V+ = +5V, V- = -5V, = 0 to 70°C unless otherwise specified 


PARAMETER 

TEST CONDITIONS 

NE LIMITS 

UNITS 

Min 

Typ 

Max 

Vos 

Input offset voltage 

V+ = +4.75V, V- = -4.75V 




mV 


At 25°C 



6 

7.5 



Over temperature range 




10 


'bias 

Input bias current 

V+ = +5.25V, V- = -5.25V 




^A 


At 25° C 



7.5 

20 



Over temperature range 




40 


'os 

Input offset current 

V+ = +5.25V, V- = -5.25V 




/iA 


At 25°C 



1.0 

5 



Over temperature range 




12 


^CM 

Common mode voltage range 

V+ = +4.75V, V- = -4.75V 

±3 



V 


Input current 

V+ = +5.25V, V- = -5.25V 





'IH 

High 

V|H = 2.7V 







1G or 2G strobe 



50 




Common strobe S 



100 


l|L 

Low 

V|L = 0.5V 







1G or 2G strobe 



-2.0 

mA 



Common strobe S 



-4.0 

mA 


Output voltage 

V|{S) = 2.0V 




V 

Vqh 

High 

V+ = +4.75V, V- = -4.75V, 'LOAD =-1mA 

2.7 

3.4 



^OL 

Low ,, 

V+ = +5.25V, V- = -5.25V, ' LOAD = 20mA 



0.5 



Supply voltage 





V 

V+ 

Positive 


4.75 

5.0 

5.25 


V- 

Negative 


-4.75 

-5.0 

-5.25 



Supply current 

V+ = 5.25V, V- = -5.25V, = 25° C 




mA 

'cc+ 

Positive 



27 

35 


'cc- 

Negative 



-15 

-28 


'sc 

Short circuit output current 


-40 


-100 

mA 


AC ELECTRICAL CHARACTERISTICS TA = 25°C,RL = 28on Cu = i5pF v+ = +5V v- =-5V 


PARAMETER 

FROM 

INPUT 

TO 

OUTPUT 

LIMITS 

UNIT 

Min 

Typ 

Max 

Large Signal Switching Speed 








Propagation delay 






ns 

^PLH(D) 

Low to high^ 

Amp 

Output 


8 

12 


*PHL(D) 

High to lowi 

Amp 

Output 

I 

6 

9 


^PLH(S) 

Low to high2 

Strobe 

Output 


4.5 

10 


tpHL(S) 

High to low2 

Strobe 

Output 


3.0 

6 1 



Maximum operating frequency 

_i 


40 

55 


MHz 


NOTES 

1. Response time measured from OV point of ±100mV p-p 10MHz square wave to the 1.5V point of the 
output 

2. Response time measured from 1.5V point of input to 1.5V point of the output 
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HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP NE/SE521 


TYPICAL PERFORMANCE CHARACTERISTICS 


RESPONSE TIME FOR VARIOUS RESPONSE TIME FOR VARIOUS 


INPUT OVERDRIVES 


INPUT OVERDRIVES 


RESPONSE TIME vs TEMPERATURE 








±5V 

25°C- 








10 

3mV 






20 

TiV / 


5mV 




_ 


m 





















Z] 






















0 5 10 15 20 25 30 

TIME—ns 
























1 

TPD 

(LH) 




L 



B 

S 

B 

■ 


0 

S 

B 

i 

I 



1223 

fcni 








n 
























60 20 +20 +60 +100 +140 

AMBIENT TEMPERATURE (°C) 


PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGE 


PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGES 


OUTPUT VOLTAGE vs AMBIENT 
TEMPERATURE 



10 20 30 40 50 60 70 

INPUT VOLTAGE (mVp-p) 



100 1000 

INPUT VOLTAGE (mVp-p) 




— 


Vo 


■ 






































_ 

1 































“v" 

L 





-75 -25 +25 +75 +125 

- AMBIENT TEMPERATURE (°C) 


INPUT BIAS CURRENT vs INPUT OFFSET CURRENT vs AMBIENT 

AMBIENT TEMPERATURE TEMPERATURE 



-75 -25 +25 +75 +125 


AMBIENT TEMPERATURE (°C) 


1.1 



-75 -25 +25 +75 +125 


AMBIENT TEMPERATURE (°C) 
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HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP NE/SE522 


FEATURES 

• 15ns maximum guaranteed propagation 
delay 

• 20/uA maximum input bias current 

• TTL compatible strobes and outputs 

• Open collector output for wire-OR’d ap¬ 
plications 

• Large common mode input voltage range 

• Operates from standard supply voltages 


APPLICATIONS 

• MOS memory sense amp 

• A-to-D conversion 

• High speed line receiver 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 


Supply voltage 


V 

V+ 

Positive 

+7 


V- 

Negative 

-7 


VIDR 

Differential input voltage 

±6 

V 

V|N 

Input voltage 


V 


Common mode 

±5 



Strobe/gate 

±5.25 


PD 

Power dissipation 

600 

mW 

ta 

Operating temperature range NE 

0 to 70 

°C 


SE 

-55 to+125 


^stg 

Storage temperature range 

-65 to +150 


Lead temperature 

+300 



(solder, 60 sec) 




PIN CONFIGURATION 


D,F,N PACKAGE 

INPUT 1A QI 


jT] v+ 

INPUT IB [T 


jT] V- 

NC [T 


TF] INPUT 2A 

OUTPUT 1Y [T 


TT] INPUT 2B 

STROBE 1G 


TF| NC 

STROBE S [T 


"sTI OUTPUT 2Y 

GROUND [T 


T] STROBE 2G 


TOP VIEW 


ORDER NUMBERS 

1ME522D,F,N SE522F 


BLOCK DIAGRAM 



EQUIVALENT SCHEMATIC 
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HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP NE/SE522 


DC ELECTRICAL CHARACTERISTICS ±5V ±10%, Ta = -55to 125°C unless otherwise specified 


PARAMETER 

TEST CONDITIONS 

— 

SE LIMITS 

UNIT 

Min 

Typ 

Max 

VqS 

Input offset voltage 

V+ = +4.5V, V- = -4.5V 




mV 


At25°C 



6 

7.5 



Over temperature range 




15. 


'bias 

Input bias current 

V± = ±5.5V, V- = -5.5V 




liA 


At 25° C 



7.5 

20. 



Over temperature range 




40. 


•os 

Input offset current 

V± = ±5.5V, V- = -5.5V 




UA 


At 25° C 



1.0 

5. 



Over temperature range 




12. 


VCM 

Common mode voltage range 

V± = ±4.5V, V- = -4.5V 

■ ±3 



V 

ViL 

Low level input 





V 


Voltage at 25° C 




.08 



over temperature 




.07 


VlH 

High level temperature 


2.0 



V 


Input current 

V± = ±5.5V, V- = -5.5V 





l|H 

High 

V|H =2.7V 







1G or 2G strobe 



50 

UA 



Common strobe S 



100 

UA 

l|L 

Low 

V|L = 0.5V 







1G 2G strobe 



-2 

mA 



Common strobe S 



-4 

mA 


Output voltage 





V 

0 

> 

Low 

V± = ±4.5V, V- = -4.5V 







loL = 20mA, Ta = 25°C 



.5 




lOL = 10mA 



.5 



Output current 





IjA 

•oh 

High 

Vcc+ = +4.5, Vcc- = -4.5V, VoH = 5.5V 










250 



Supply voltage 





V 

v+ 

Positive 


4.5 

5.0 

5.5 


V- 

Negative 


-4.5 

-5.0 

-5.5 



Supply current 

V+ = 5.5V, V- = -5.5V 




mA 

• cc+ 

Positive 



27 

35 


•cc- 

Negative 



-15 

-28 
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HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP NE/SE522 


DC ELECTRICAL CHARACTERISTICS (Cont’d) ±5V ±5%, Ta = 0 to 70°C unless otherwise specified 


PARAMETER 

TEST CONDITIONS 

NE LIMITS 

UNIT 

Min 

Typ 

Max 

^OS 

Input offset voltage 

V+ = +4.75V, V- = -4.75V 




mV 


At 25° C 



6 

7.5 



Over temperature range 




10 


Ibias 

Input bias current 

V+ = +5.25V, V- = -5.25V 




yUA 


At 25° C 



7.5 

20 



Over temperature range 




40 


'os 

Input offset current 

V+ = +5.25V, V- = -5.25V 




UA 


At 25° 0 



1.0 

5 



Over temperature range 




12 


VCM 

Common mode voltage range 

V+ = +4.75V, V- = -4.75V 

±3 



V 


Input current 

V+ = +5.25V, V- = -5.25V 





l|H 

High 

V|h=2.7V 







1G or 2G strobe 



50 




Common strobe S 



100 

ma 

l|L 

Low 

V|L = 0.5V 







1G 2G strobe 



-2.0 

mA 



Common strobe S 



-4.0 

mA 


Output voltage 

V+ = +5.25V, V- = -5.25V, V, = 2.0V 




V 

VoL 

Low 

' LOAD ^ 20mA 



0.5 



Output current 





IjA 

'oh 

High 

VCC+ = +4.75, 







VcC- -4.75V, VoH = 5.25V 



250 



Supply voltage 





V 

v+ 

Positive 


4.75 

5.0 

5.25 


V- 

Negative 


-4.75 

-5.0 

-5.25 



Supply current 

V+ = 5.25V, V- = -5.25V, T^ = 25° C 




mA 

'cc+ 

Positive 



27 

50 


'cc- 

Negative 



-15 

_1 

-28 



AC ELECTRICAL CHARACTERISTICS = 25 °c, Rl = 28 on, Cl = i5pF 


PARAMETER 

FROM 

INPUT 

TO 

OUTPUT 

LIMITS 

UNIT 

Min 

Typ 

Max 


Input resistance 




4 


kn 


Input capacitance 




3 


pF 

Large Signal Switching Speed 








Propagation delay 






ns 

tpLH(D) 

Low to high^ 

Amp 

Output 


10 

15 


tpHL(D) 

High to low^ 

Amp 

Output 


8 

12 


tpLH(S) 

Low to high2 

Strobe 

Output 


6 

13 


tpHL(S) 

High to low2 

Strobe 

Output 


5 

9 



Maximum operating frequency 



25 

35 


MHz 


NOTES 

1. Response time measured from OV point of ±100mV p-p 10MHz square wave to the 1.5V point of the 
output 

2. Response time measured from 1.5V point of input to 1.5V point of the output 
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HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP NE/SE522 


TYPICAL PERFORMANCE CHARACTERISTICS 


RESPONSE TIME FOR VARIOUS RESPONSE TIME FOR VARIOUS 

INPUT OVERDRIVES INPUT OVERDRIVES RESPONSE TIME vs TEMPERATURE 



PROPAGATION DELAY FOR VARIOUS PROPAGATION DELAY FOR VARIOUS INPUT BIAS CURRENT vs 

INPUT VOLTAGES INPUT VOLTAGES AMBIENT TEMPERATURE 



INPUT OFFSET CURRENT vs AMBIENT 
TEMPERATURE 
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VOLTAGE COMPARATOR 


NE/SE527 


DESCRIPTION 

The SE/NE527 is a high speed analog vol¬ 
tage comparator which, in the first time 
mates state-of-the-art Schottky diode tech¬ 
nology with the conventional linear proc¬ 
ess. This allows simultaneous fabrication 
of high speed T2L gates with a precision 
linear amplifier on a single monolithic chip. 
The SE/NE527 is similar in design to the 
Signetics SE/NE529 voltage comparator 
except that it incorporates a “Emitter Fol¬ 
lower” input stage for extremely low input 
currents. This opens the door to a whole 
new range of applications for analog vol¬ 
tage comparators. 


EQUIVALENT SCHEMATIC 


FEATURES 

• 15ns propagation delay 

• Complementary output gates 

• TTL or ECL compatible outputs 

• Wide common mode and differential vol¬ 
tage range 

• Mil std 883A,B,C available 

APPLICATIONS 

• A/D conversion 

• ECL to TTL interface 

• TTL to ECL interface 

• Memory sensing 

• Optical data coupling 


BLOCK DIAGRAM 



PIN CONFIGURATIONS 
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VOLTAGE COMPARATOR 


NE/SE527 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Positive supply voltage (VI+) 

+15 

V 

Negative supply voltage (V1-) 

-15 

V 

Gate supply voltage (V2+) 

+7 

V 

Output voltage 

+7 

V 

Differential input voltage 

±5 

V 

Input common mode voltage 

±6 

V 

Power dissipation 

600 

mW 

Operating temperature range 

NE527 

0 to +70 

°C 

SE527 

-55 to +125 


Storage temperature range 

-65 to +150 

oc 

Lead temperature (soldering, 60sec) 

+300 



DC ELECTRICAL CHARACTERISTICS Vi- = iov. Vi = -iov, V2- = +5 ov 


PARAMETER 

TEST CONDITIONS 

SE527 

NE527 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

INPUT CHARACTERISTICS 









Input offset voltage @ 25° C 




4 



6 

mV 

Over temperature range 




6 



10 

mV 

Input bias current (a 25°C 




2 




mA 

Over temperature range 




4 




mA 

Input offset current @ 25°C 









Over temperature range 

< 

z 

II 

0 

< 








GATE CHARACTERISTICS 





HHI 




Output voltage 





Hi 




“1” State 

V 2 + = 4.75V, IsouRCE = -1mA 

2.5 

3.3 





V 

“0” State 

V 2 + = 4.75V, IsiNK = 10mA 



0.5 

H 


0.5 

V 

Strobe inputs 









“0” Input current^ 

V 2 + = 5.25V, VsTROBE = 0.5V 



-2 



-2 

mA 

“1” Input current @ 25°C^ 

V 2 + = 5.25V, VsTROBE = 2.7V 



50 



100 

mA 

Over temperature range 

V 2 + = 5.25 V, VSTROBE = 2.7V 



200 



200 

mA 

“0” Input voltage 

V 2 + = 4.75V 



0.8 



0.8 

V 

"1” Input voltage 

V 2 + = 4.75V 

2.0 



2.0 



V 

Short circuit 









Output current 

V 2 + = 5.25V, VouT = OV 

-18 


-70 

-18 


-70 

mA 

POWER SUPPLY REQUIREMENTS 









Supply voltage 









Vi+ 


5 


10 

5 


10 

V 

Vi- 


-6 


-10 

-6 


-10 

V 

V 2 + 


4.5 

5 

5.5 

4.75 

5 

5.25 

V 

Supply current 

Vi+ = 10V, Vi-=-10V 









V 2 + = 5.25V 









Over temp. 



5 



5 

mA 

h- 

Over temp. 



10 



10 

mA 

l2^ 

Over temp. 



20 



20 

mA 


NOTES 

1. Strobe input current test conditions 


INPUTA(V|n) 

INPUTB 


STROBE A 

STROBE B 

> V Offset 

GND 

Measure 

IIL 

IIH 

< V Offset 

GND 

Measure 

IIH 

IIL 


2. Parameters are guaranteed over the temperature range uniess otherwise specified. 
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VOLTAGE COMPARATOR 


NE/SE527 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 



Transient response propagation delay time 

ViN = ±100mV step 





tPLH 



16 

26 

ns 

tPHL 



14 

24 

ns 

Delay between output A and B 



2 

5 

ns 

Strobe delay time 






ton Turn-on time 



6 


ns 

toff Turn-off time 



6 


ns 


TYPICAL PERFORMANCE CHARACTERISTICS 
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VOLTAGE COMPARATOR 


NE/SE527 


APPLICATIONS 

One of the main features of the device is that 
supply voltages (VI+, V1-) need not be 
balanced, as indicated in the following dia¬ 
grams. For proper operation, however, neg¬ 
ative supply (V1-) should always be at least 
six volts more negative than the ground 
terminal (pin 6). Input Common Mode range 
should be limited to values of two volts less 
than the supply voltages (V1 + and V1 -) up to 
a maximum of ±6 volts as supply voltages 
are increased. 

It is also important to note that Output A is in 
phase with Input A and Output B is in phase 
with Input B. 

TYPICAL APPLICATIONS 
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VOLTAGE COMPARATOR 


NE/SE529 


DESCRIPTION 

The SE/NE529 is a high speed analog volt¬ 
age comparator which, for the first time 
mates state-of-the-art Schottky diode tech¬ 
nology with the conventional linear proc¬ 
ess. This allows simultaneous fabrication of 
high speed T2L gates with a precision linear 
amplifier on a single monolithic chip. 


FEATURES 

• 10ns propagation delay 

• Complementary output gates 

• TTL or ECL compatible outputs 

• Wide common mode and differential volt¬ 
age range 

APPLICATIONS 

• A/D conversion 

• ECL to TTL interface 

• TTL to ECL interface 


• Memory sensing 

• Optical data coupling 

• Mil std 883A,B,C available 


PIN CONFIGURATION 

I D,F,N PACKAGE 



NE/SE529F, NE529N,D 


STROBE A 

NC 

OUTPUT A 

GROUND 
OUTPUT B 

STROBE B 


H PACKAGE* 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Positive supply voltage (V1+) 

+15 

V 

Negative supply voltage (VI-) 

-15 

V 

Gate supply voltage (V2+) 

+7 

V 

Output voltage 

+7 

V 

Differential input voltage 

±5 

V 

Input common mode voltage 

±6 

V 

Power dissipation 

600 

mW 

Operating temperature range 



NE529 

0 to +70 

°c 

SE529 

-55 to +125 

°c 

Storage temperature range 

-65 to +150 


Lead temperature 



(soldering, 60 sec) 

+300 

°c 



OUTPUT B 

ORDER NUMBERS 

NE/SE529H 

‘Metal cans (H) not recommended for new designs 


BLOCK DIAGRAM 



EQUIVALENT SCHEMATIC 
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VOLTAGE COMPARATOR 


NE/SE529 


DC ELECTRICAL CHARACTERISTICS Vi+ = +10V, V2+ = +5 0V, Vi- = -lOV 


PARAMETER 

TEST CONDITIONS 

SE529 

NE529 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

INPUT CHARACTERISTICS 









Input offset voltage @25°C 




4 



6 

mV 

Over temperature range 




6 



10 

mV 

Input bias current @25°C 



5 

12 


5 

20 

mA 

Over temperature range 

> 

0 

II 

2 

> 



36 



50 

mA 

Input offset current @25°C 



2 

3 


2 

5 

^lA 

Over temperature range 

> 

0 

II 

2 

> 



9 



15 

mA 

GATE CHARACTERISTICS 









Output voltage 









“1” state 

V 2 + = 4.75V, Isource = -1mA 

2.5 

3.3 


2.7 

3.3 


V 

“0” state 

V2+ = 4.75V, lsink= 10mA 



0.5 



0.5 

V 

Strobe inputs 









“0” Input current^ 

V 2 + = 5.25V, Vstrobe = 0.5V 



-2 



-2 

mA 

“1” Input current @ 25°C^ 

V 2 + = 5.25V, Vstrobe = 2.7V 



50 



100 

IjlA 

Over temperature range 

V 2 + = 5.25V, Vstrobe = 2.7V 



200 



200 

mA 

“0” input voltage 

V 2 + = 4.75V 



0.8 



0.8 

V 

“1” input voltage 

V 2 + = 4.75V 

2.0 



2.0 



V 

Short circuit 









Output current 

V 2 + = 5.25V, VoUT = OV 

-18 


-70 

-18 


-70 

mA 

POWER SUPPLY REQUIREMENTS 









Supply voltage 









Vi+ 


5 


10 

5 


10 

V 

Vi- 


-6 


-10 

-6 


-10 

V 

V2+ 


4.5 

5 

5.5 

4.75 

5 

5.25 

V 

Supply current 

Vi+ = 10V, Vi-=-10V 









V 2 + = 5.25V 








li+ 

Over temp. 



5 



5 

mA 

h- 

Over temp. 



10 



10 

mA 

I 2 + 

Over temp. 



20 



20 

mA 


NOTES 

1. Strobe input current test conditions 


INPUTA(V|n) 

INPUT B 


STROBE A 

STROBE B 

> V Offset 

GND 

Measure 

IIL 

IIH 

< V Offset 

GND 

Measure 

IIH 

IIL 


2. Parameters are guaranteed over the temperature range unless otherwiise specified. 


AC ELECTRICAL CHARACTERISTICS Ta = 25<’C 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 

Transient response 

ViN = ±100mV step 





Propagation delay time 






tPLH 



12 

22 

ns 

tPHL 



10 

20 

ns 

Delay between output 



2 

5 

ns 

A and B 






Strobe delay time 






toN turn-on time 



6 


ns 

toFF turn-off time 



6 


ns 
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TYPICAL PERFORMANCE CHARACTERISTICS 



INPUT CURRENTS 
vs TEMPERATURE 


SUPPLY CURRENT 
vs TEMPERATURE 


POWER DISSIPATION 
vs SUPPLY VOLTAGE 


> 









A 









k 

BIAS CURRENT 
















— 










> 







< 









— 



^FSETCURR^ 

f 


-50-25 0 25 50 75 100 125 

TEMPERATURE - °C 




L== 




z 














V2 


'— 

> 







< 

_ ^ 


— 

— 


_ tr 







Vi 


lOV 















ti** 







V 

1 = 

10V 






□ 

1 



-50 -25 0 25 50 75 100 

TEMPERATURE - “C 


V2+ = 
Ta = 2 

5.0V 

j°C 




















/ 




/ 





SUPPLY VOLTAGE (Vi +, Vi ") - VOLTS 


SUPPLY CURRENT 
vs SUPPLY VOLTAGE 


OUTPUT PROPAGATION DELAYS 


RESPONSE TIME FOR 
VARIOUS INPUT OVERDRIVES 


Ta = 25°C 
V2+ =5.0V 


SUPPLY VOLTAGE (Vi +, Vi ") - VOLTS 


-Vi+ =10V, Vi- 
V2+=5.0V I 


iBSfflCTS 



u 






INPUT A 1 














0 5 10 15 20 25 30 

TIME — ns 


Vi+ =10V,Vi- = -10V 
— V2+=5.0V I- \— 



5 10 15 20 25 30 

TIME - ns 
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VOLTAGE COMPARATOR 


NE/SE529 


APPLICATIONS 

One of the mai n features of the device is that 
supply voltages (VI+, VI-) need not be 
balanced, as indicated in the following dia¬ 
grams. For proper operation, however, neg¬ 
ative supply (VI-) should always be at least 
six volts more negative than the ground 
terminal (pin 6). Input Common Mode range 
should be limited to values of two volts less 
than the supply voltages (V1 + and VI -) up to 
a maximum of ±6 volts as supply voltages 
are increased. 

It is also important to note that Output A is in 
phase with Input A and Output B is in phase 
with Input B. 


TYPICAL APPLICATIONS 
I PHOTODIODE DETECTOR 



ECL TO TTL INTERFACE 


+ 5V 



MOS MEMORY SENSE AMP 



TTL TO ECL INTERFACE 
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DUAL LINE RECEIVER 


DS7820/DS8820 


DESCRIPTION 

The DS7820, specified from -55® C to 
125°C, and the DS8820, specified from 0°C 
to 70®C, are digital line receivers with two 
completely independent units fabricated on 
a single silicon chip. Intended for use with 
digital systems connected by twisted pair 
lines, they have a differential input designed 
to reject large common mode signals while 
responding to small differential signals. The 
output is directly compatible with RTL, DTL 
or TTL integrated circuits. 

The response time can be controlled with an 
external capacitor to eliminate noise spikes, 
and the output state is determined for open 
inputs. Termination resistors for the twisted 
pair line are also included in the circuit. 
Both the DS7820 and the DS8820 are spec¬ 
ified, worst case, over their full operating 
temperature range, for ±10-percent supply 
voltage variations and over the entire input 
voltage range. 


FEATURES 

• Operation from a single ^5V logic supply 

• Input voltage range of ±15V 

• Independent channel strobing 

• High input resistance 

• Fanout of two with DTL or TTL 

• Output can be wire OR’ed 

• DS7820 Mil std 883A,B.C available 


PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 

8.0 

V 

Input voltage 

±20 

V 

Differential input voltage 

±20 

V 

Strobe voltage 

8.0 

V 

Output sink current 

25 

mA 

Power dissipation 

600 

mW 

Operating temperature range 



DS7820 

-55 to +125 

®C 

DS8820 

Oto 70 

®C 

Lead temperature 



(soldering, lOsec) 

300 

®C 


NOTE 


"Absolute Maximum Ratings” are those values beyond which the safety of the device 
cannot be guaranteed. Except for “Operating Temperature Range” they are not meant to 
imply devices should be operated at these limits. The table of “Electrical Characteristics” 
provides conditions for actual device operation. 


CIRCUIT SCHEMATIC 
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DUAL LINE RECEIVER 


DS7820/DS8820 


DC ELECTRICAL CHARACTERISTICS Specifications apply for 4.5V < Vcc ^ 5.5, 

-15V < VcM < 15V and -55°C < Ta < +125°C for the DS7820 
or 0®C < Ta ^ +70® C for the bS8820 unless otherwise specified. 
Typical values given are for Vcc = 5.0V, Ta = 25° C and Vgm = OV 
unless stated differently.+2.3 


PARAMETER 

TEST CONDITIONS 

DS7820 

DS8820 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vth 

Input threshold 

ViN = ov 

-0.5 

0 

0.5 

-0.5 

0 

0.5 

V 

Vth 

Input threshold 

-15V< ViN < 15V 

-1.0 

0 

1.0 

^1.0 

0 

1.0 

V 

VOH 

High output level 

louT ^ -0.2mA 

2.5 


5.5 

2.5 


5.5 

V 

VoL 

Low output level 

IsiNK < 3.5mA 

0 


0.4 

0 


0.4 

V 

Rin - 

Inverting input resistance 


3.6 

5.0 


3.6 

5.0 


kn 

Rin + 

Noninverting input resistance 


1.8 

2.5 


1.8 

2.5 


kn 

Rt 

Line termination resistance 


120 

170 

250 

120 

170 

250 

n 

1st 

Strobe current 

Vstrobe = 0.4V 


1.0 

1.4 


1.0 

1.4 

mA 

1st 

Strobe current 

Vstrobe = 5.5V 



-5 



-5 

mA 

Icc 

Supply currents 

ViN = 15V 


3.2 

6.0 


3.2 

6.0 

mA 

Icc 

Supply currents 

> 

o 

II 

2 

> 


5.8 

10.2 


5.8 

10.2 

mA 

Icc 

Supply currents 

ViN = -15V 


8.3 

15.0 


8.3 

15.0 

mA 

IlN + 

Noninverting input current 

Vin = 15V 

-1.6 

3.0 

7.0 


5.0 

7.0 

mA 

IlN + 

Noninverting input current 

> 

o 

II 

2 

> 

-1.0 


-1.6 

-1.0 


mA 

IlN + 

Noninverting input current 

Vin = -15V 

-9.8 

-7.0 


-9.8 

-7.0 


mA 

IlN - 

Inverting input current 

ViN = 15V 


3.0 

4.2 


3.0 

4.2 

mA 

IlN - 

Inverting input current 

> 

o 

'll 

2 

> 


0 

-0.5 


0 

-0.5 

mA 

IlN - 

Inverting input current 

Vin = -15V 

-4.2 

-3.0 


-4.2 

-3.0 


mA 


NOTES 


1. All currents into device pins shown as positive, out of device pins as negative, all 
voltages referenced to ground unless otherwise noted. All values shown as max or min 
on absolute value basis. 

2. Only one output at a time should be shorted. 

3. The specifications and curves given are for one side only. Therefore, the total package 
dissipation and supply currents will be double the values given when both receivers 
are operated under identical conditions. 


AC ELECTRICAL CHARACTERISTICS 


PARAMETER 

TEST 

CONDITIONS 

DS7820 

DS8820 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Tr Response time 
Tr Response time 

Cdelay = 0 
Cdelay — lOOpF 


40 

150 



40 

150 


ns 

ns 


DS7820-DS8820 TYPICAL APPLICATION 



tExact value depends on line length 

ivcc is 4.5V to 5.5V for both the DS7820 and DS7830 

‘Optional to control response time 
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DUAL LINE RECEIVER 


DS7820A/DS8820A 


DESCRIPTION 

The DS7820A and the DS8820A are im¬ 
proved performance digital line receivers 
with two completely independent units fab¬ 
ricated on a single silicon chip. Intended for 
use with digital systems connected by twist¬ 
ed pair lines, they have a differential input 
designed to reject large common mode sig¬ 
nals while responding to small differential 
signals. The output is directly compatible 
with RTL, DTL or TTL integrated circuits. 

The response time can be controlled with an 
external capacitor to reject input noise 
spikes. The output state is a logic “1” for 
both inputs open. Termination resistors for 
the twisted pair line are also included in the 
circuit. Both the DS7820A and the DS8820A 
are specified, worst case, over their full 
operating temperature range (-55°C to 
125°C and 0°C to 70° C respectively), over 
the entire input voltage range, for ±10% 
supply voltage variations. 


FEATURES 

• Operation from a single ±5V logic supply 

• Input voltage range of ±15V 

• Strobe low forces output to “1” state 

• High input resistance 

• Fanout of ten with either DTL or TTL 
integrated circuits 

• Outputs can be wire OR’ed 

• Series 54/74 compatible 


PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS* 


PARAMETER 

RATING 

UNIT 

Supply voltage 

8.0 

V 

Input voltage 

±20 

V 

Differential input voltage 

±20 

V 

Strobe voltage 

8.0 

V 

Output sink current 

50 

mA 

Power dissipation 

600 

mW 

Operating temperature range 



DS7820A 

-55 to ±125 

°C 

DS8820A 

0 to ±70 

°C 

Lead temperature 

300 

°C 

(soldering, 60sec) 




‘NOTE 


“Absolute Maximum Ratings” are those values beyond which the safety of the device 
cannot be guaranteed. Except for “Operating Temperature Range" they are not meant to 
imply that the devices should be operated at these limits. The table of “Electrical 
Characteristics” provides conditions for actual device operation. 


EQUIVALENT SCHEMATIC 
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DUAL LINE RECEIVER 


DS7820A/DS8820A 


DC ELECTRICAL CHARACTERISTICS Ta = 25®C unless otherwise specified .1 >2,3,4 


PARAMETER 

TEST CONDITIONS 

DS7820A/DS8820A 

UNIT 

Min 

Typ 

Max 

Vth 

Differential threshold voltage 

loUT = -400/iA -3V < VcM ^ +3V 


0.06 

0.5 

V 



Vout > 2.5V -15V < VcM < +15V 


0.06 

1.0 

V 



l 0 UT = +16mA -3V < VcM ^+3V 


-0.08 

-0.5 

V 



Vout < 0.4V -15V< Vcm<+15V 


-0.08 

-1.0 

V 

Rr 

Inverting input resistance 

-15V<Vcm<+15V 

3.6 

5 


kn 

Ri" 

Non-inverting input resistance 

-15V<Vcm<+15V 

1.8 

2.5 


kn 

Rt 

Line termination resistance 


120 

170 

250 

n 

ir 

Inverting input current 

VcM =15V 



3.0 

4.2 

mA 



VcM = OV 



0 

-0.5 

mA 



> 

10 

11 

o 

> 



-3.0 

-4.2 

mA 

ir 

Non-inverting input current 

VcM =15V 



5.0 

7.0 

mA 



VcM = OV 



-1.0 

-1.6 

mA 



Vcm = -15V 



-7.0 

-9.8 

mA 

Icc 

Power supply current 

> 

II 

li. 

u. 

o 

> 

Vcm = 15V 


3.9 

6.0 

mA 



l 0 UT = Logical “0” 

Vcm = -15V 


9.2 

14.0 

mA 



Vdiff = -0.5V, 

VcM = OV 


6.5 

10.2 

mA 

VOH 

Logical “1” output voltage 

louT = -400/xA, Vdiff = IV 

2.5 

4.0 

5.5 

V 

VoL 

Logical “0” output voltage 

louT == +16mA, Vdiff = -IV 

0 

0.22 

0.4 

V 

VSH 

Logical "1” strobe input voltage 

louT=+16mA, Vout 

0.4V, Vdiff = -3V 

2.1 



V 

VSL 

Logical “0” strobe input voltage 

louT = -400)uA, Vout > 2.5 V, Vdiff = -3V 



0.9 

V 

ISH 

Logical ”1” strobe input current 

Vstrobe = 5.5V, Vdiff = 3V 


0.01 

5.0 

mA 

ISL 

Logical “0” strobe input current 

VsTROBE = 0.4 V, Vdiff = -3V 


-1.0 

-1.4 

mA 

Isc 

Output short circuit current 

louT = OV, Vcc = 5.5V, Vstrobe = OV 

-2.8 

-4.5 

-6.7 

mA 


NOTES 

1. These specifications apply for 4.5V < Vcc ^ 5.5V, -15V < VcM < 15V and -55° C < Ta < 
+125° C for the DS7820A or 0°C < Ta < +70° C for the DS8820A unless otherwise 
specified. Typical values given are for Vcc = 5.0V, Ta = 25°C and VcM = OV unless 
stated differently. 

2. All currents into device pins shown as positive, out of device pins as negative, all 
voltages referenced to ground unless otherwise noted. All values shown as max or min 
on absolute value basis. 

3. Only one output at a time should be shorted. 

4. The specifications and curves given are for one side only. Therefore, the total package 
dissipation and supply currents will be double the values given when both receivers 
are operated under identical conditions. 


AC ELECTRICAL CHARACTERISTICS Ta = 25®C, Vcc = 5V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

DS7820A/DS8820A 

UNIT 

Min 

Typ 

Max 

tPDO 

Propagation delay, differential 
input to “0” output 



30 

45 

ns 

tPDI 

Propagation delay, differential 
input to “1” output 



27 

40 

ns 

tpDO 

Propagation delay, strobe 
input to “0” output 



16 

25 

ns 

tPDI 

Propagation delay, strobe 
input to "1” output 



18 

30 

ns 
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DUAL LINE RECEIVER 


DS7820A/DS8820A 


TYPICAL PERFORMANCE CHARACTERISTICS 


SUPPLY VOLTAGE SENSITIVITY 


COMMON-MODE VOLTAGE 
SENSITIVITY 


TEMPERATURE SENSITIVITY 




— 


Ta = 2 

r 

5»C 

OV ~ 

L_ 





VcM = 


VouT = 2 

.5V. loi 

T= -4 

OOaA 



— 

= 

— 

n 


V 

OUT = ( 

1 1 

).4V, lo 

1 1 

UT = 16l 

1"- 

1 

mA 





=i 









4.5 5.0 5.5 6.0 





SUPPLY VOLTAGE-V 


COMMON MODE VOLTAGE - 


TRANSFER FUNCTION 


TERMINATION RESISTANCE 


INPUT CHARACTERISTICS 



DIFFERENTIAL INPUT VOLTAGE — V 


INPUT VOLTAGE (WITH RESPECT TO GROUND) - V 


< 

E 

I 


POWER SUPPLY CURRENT 



-20 -10 0 10 20 


INTERNAL POWER DISSIPATION 


OUTPUT VOLTAGE LEVELS 



-20 -10 0 10 20 


■ 

i 

1 

■ 

1 

1 

■I 

■ 

1 

1 


a 




1 

1 

1 

■ 

1 

1 

1 

1 

i 

1 

1 

1 

1 

! 

S 

g 

i 

1 

1 

i 


■ 

■ 


-75 -25 0 25 75 125 


COMMON-MODE VOLTAGE - V 


COMMON-MODE VOLTAGE — V 


Ta- 


°C 
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ANALOG DIVISION 

MARCH 1982 

DUAL LINE RECEIVER 

DS7820A/DS8820A 

TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


DIFFERENTIAL INPUT DELAYS STROBE DELAYS 

NOISE REJECTION 



AC TEST CIRCUIT 


VOLTAGE WAVEFORM 



‘Includes Jig and Probe 



A = Differential input to “0” output 
B = Differential input to “1” output 
C = Strobe input to “0” output 
D = Strobe input to “1” output 


TYPICAL APPLICATIONS 


LINE DRIVER AND RECEIVER^; 


C1t 

0.002/LtF 


INPUTS 




« TWISTED PAIR LINE r 



NOTES 

tExact value depends on line length 

ivcc is 4.5V to 5.5V for both the DS7820 and DS7830 

‘Optional to control response time 
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ANALOG DIVISION 


MARCH 1982 


DUAL DIFFERENTIAL LINE DRIVER 


DS7830/DS8830 


DESCRIPTION 

The DS7830/DS8830 is a dual differential 
line driver that also performs the dual four- 
input NAND or dual four-input AND 
function. 

TTL (Transistor-Transistor-Logic) multiple 
emitter inputs allow this line driver to inter¬ 
face with standard TTL or DTL systems. The 
differential outputs are balanced and are 
designed to drive long lengths of coaxial 
cable, strip line, ortwisted pairtransmission 
lines with characteristic impedances of 50n 
to 500(1. The differential feature of the out¬ 
put eliminates troublesome ground-loop 
errors normally associated with single-wire 
transmissions. 


FEATURES 

• Single 5 volt power supply 

• High speed 

• Diode protected outputs for 
termination of positive and negative 
voltage transients 

• Diode protected inputs to prevent line 
ringing 

• Short circuit protection 

• DS7830 Mil std 883A,B,C available 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Vcc 

7.0 

V 

Input voltage 

5.5 

V 

Operating temperature range 



DS7830 

-55 to +125 


DS8830 

0 to +70 

‘’C 

Storage temperature range 

-65 to +150 


Lead temperature (soldering, lOsec) 

300 



PIN CONFIGURATION 



EQUIVALENT SCHEMATIC 
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ANALOG DIVISION 


MARCH 1982 


DUAL DIFFERENTIAL LINE DRIVER 


DS7830/DS8830 


ELECTRICAL CHARACTERISTICS Ta = 25°C Vcc = 5V unless otherwise specified. 1.2 


PARAMETER 


TEST CONDITIONS 

LIMITS 



Min 

Typ 

Max 




Logical “1” input voltage 



2.0 



V 

Logical “0” input voltage 





0.8 

V 

Logical “1” output voltage 


ViN = 0.8V loUT = -0.8mA 

2.4 



V 

Logical “1” output voltage 


ViN = 0.8V louT = -40mA 

1.8 

2.9 


V 

Logical “0” output voltage 


ViN = 2.0V louT = +32mA 


0.2 

0.4 

V 

Logical “0” output voltage 


ViN = 2.0V I OUT = +40mA 


0.22 

0.5 

V 

Logical “1” input current 


ViN = +2.4V 



120 

mA 

Logical “1” input current 


ViN = 5.5V 



2 

mA 

Logical “0” input current 


ViN = 0.4V 



4.8 

mA 

Output short circuit current2 


Vcc = 5.0V 

-40 

-100 

-120 

mA 

Supply current 


Vcc = 5.0V ViN = 5.0V 
(Each driver) 


11 

18 

mA 

Propagation delay AND gate 

tpd1 

tpdO 

Ta = 25'’C 

Vcc = 5.0V 


8 

11 

12 

18 

ns 

ns 

Propagation delay NAND gate 

tpd1 

tpdO 

Cl = 15pF 

See Figure 1 


8 

5 

12 

8 

ns 

ns 

Differential delay ti 


Load, 100n and 5000pF 


12 

16 

ns 

Differential delay t 2 


See Figure 2 


12 

16 

ns 


NOTES 

1. Specifications apply for DS7830 -55° C < Ta < +125° C, Vcc = +5V ±10%, DS88300°C 
< Ta < 70° C, Vcc = +5V ±5% unless otherwise specified. 

2. Applies for Ta = +125°C, only one output at a time to be shorted. 


AC TEST CIRCUIT SWITCHING TIME WAVEFORMS 






r 1 

U1.5V 

viN 

«i h— 






Figure 2 
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ANALOG DIVISION 


MARCH 1982 


QUAD LINE DRIVER 


MCI 488 


DESCRIPTION 

The MC1488 is a quad line driver which 
converts standard DTL/TTL input logic lev¬ 
els through one stage of inversion to output 
levels which meet EIA Standard No. RS- 
232C and CCITT Recommendation V.24. 


FEATURES 

• Current limited output: ±10mA Typ 

• Power-off source impedance: 3000 Min 

• Simple slew rate control with external 
capacitor 

• Flexible operating supply range 

• Inputs are DTL/TTL compatible 


ABSOLUTE MAXIMUM RATINGS 


PIN CONFIGURATION 



PARAMETER 

RATING 

UNIT 

Supply voltage V+ 

+15 

V 

V- 

-15 

V 

Input voltage (Vin) 

-15 < Vin <7.0 

V 

Output voltage 

±15 

V 

Power dissipation: 



F package 

1000 

mW 

N package 

800 

mW 

Operating temperature range 

0 to +75 

‘‘C 

Storage temperature range 

-65 to +150 

“C 

Lead temperature (soldering, lOsec) 

300 



CIRCUIT SCHEMATIC 
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ANALOG DIVISION 


MARCH 1982 


QUAD LINE DRIVER 


MCI 488 


DC ELECTRICAL CHARACTERISTICS V+ = +9.0V ± 1 %, V- = -9.0V ± 1%, Ta = 0°C to +75°c 

unless otherwise specified. 

All typicals are for V+ = 9.0V, V- = -9.0V, and Ta = 25° C.* 


PARAMETER 

TEST CONDITIONS 

LIMITS 

_ 

UNIT 

Min 

Typ 

Max 

Logic “0” input current 

ViN = ov 


-1.0 

-1.6 

mA 

Logic “1” input current 

ViN = +5.0V 


.005 

10.0 

mA 


V+ = 9.0V 





High level output voltage 

Rl = S.Okn V- = -9.0V 

6.0 

7.0 


V 

Vin = 0.8V V+ = 13.2V 

9.0 

10.5 


V 


V- =-13.2 V 





V+ = 9.0V 






Rl = 3.0kn V- = -9 OV 

-6.0 

-6.8 


V 

Low level output voltage 

vrN = 1.9V V+ = 13.2 V 

-9.0 

-10.5 


V 


V- =-13.2 V 





High level output 

VouT = OV 





Short-circuit current 

ViN = 0.8V 

-5.0 

-10.0 

-12.0 

mA 

Low level output 

VouT = OV 

6.0 

10.0 

12.0 

mA 

Short-circuit current 

ViN = 1.9V 

Output resistance 

V+ = V- = OV 

VoUT = ±2V 

300 



a 


V+ - 9.0V, V- = -9.0V 


15.0 

20.0 

mA 


> 

CM 

T 

II 

> 

> 

<N 

II 

+ 

> 

> 

O) 

II 

z 

> 


19.0 

25.0 

mA 

Positive supply current 

V+ = 15V, V- = -15V 


25.0 

34.0 

mA 

(output open) 

V+ = 9.0V, V- = -9.0V 


4.5 

6.0 

mA 


ViN = 0.8V V+ = 12V, V- = -12V 


5.5 

7.0 

mA 


V+ = 15V, V- = -15V 


8.0 

12.0 

mA 


V+ = 9.0V, V- = -9.0V 


-13.0 

-17.0 

mA 

Negative supply current 

Vin = 1.9V V+= 12V, V- = -12V 

V+ = 15V, V- = -15V 


-18.0 

-25.0 

-23.0 

-34.0 

mA 

mA 

V+ = 9.0V, V- = -9.0V 


-1 

-15 

mA 

(output open) 


ViN = 0.8V V+ = 1 2V, V- = -1 2V 


-1 

-15 

mA 


V+ = 15V, V- = -15V 


-.01 

-2.5 

mA 

Power dissipation 

V+ = 9.0V, V- = -9.0V 


252 

333 

mW 

V+ = 12V, V- = -12V 


444 

576 

mW 

Propagation delay to “1” (tpdi) 

Rl = 3.0kn, Cl = 15pF, Ta = 25°C 


275 

560 

ns 

Propagation delay to “0” (tpdo) 

Rl = 3.0kn, Cl = 15pF, Ta = 25° C 


70 

175 

ns 

Rise time (tr) 

Rl = 3.0ka Cl = 15pF, Ta = 25° C 


75 

100 

ns 

Fall time (tf) 

Rl = 3.0kn, Cl = 15pF, Ta = 25°C 


40 

75 

ns 


NOTE 

*Voltage values shown are with respect to network ground terminal. Positive current is 
defined as current into the referenced pin. 


9-12 


Signetics 





ANALOG DIVISION 

MARCH 1982 

QUAD LINE DRIVER 

MCI 488 

TYPICAL PERFORMANCE CHARACTERISTICS 



OUTPUT VOLTAGE AND 
CURRENT-LIMITING 
CHARACTERISTICS 



-16 -12 -8 -4 0 4 8 12 16 

Vo OUTPUT VOLTAGE (V) 


RS232C DATA TRANSMISSION 



NOTE 

'Optional for noise filtering 


AC LOAD CrRCUIT 



NOTE 

*Cl includes probe and jig capacitance. 


SWITCHING WAVEFORMS 



APPLICATIONS 

By connecting a capacitor to each driver 
output the slew rate can be controlled utiliz¬ 
ing the output current limiting characteris¬ 
tics of the MCI488. For a set slew rate the 
appropriate capacitor value may be calcu¬ 
lated using the following relationship 

C = isc (AT/AV) 

where C is the required capacitor, Isc is the 
short circuit current value, and AV/AT is the 
slew rate. 


TYPICAL APPLICATIONS 



RS232C specifies that the output slew rate 
must not exceed 30V per microsecond. 
Using the worst case output short circuit 
current of 12mA in the above equation, 
calculations result in a required capacitor of 
400pF connected to each output. 


DTL/TTL-TO-HTL TRANSLATOR 


+ 12V 



-12V 


DTL/TTL-TO-RTL TRANSLATOR 


+ 12V 



-12V +3.0V 
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ANALOG DIVISION 


MARCH 1982 


QUAD LINE RECEIVERS MCI 489/MCI 489A 


DESCRIPTION FEATURES 

The MC1489/MC1489A are quad line re- • Four totally separate receivers per pack- 

ceivers designed to interface data terminal age 

equipment with data communications • Programmable threshold 

equipment. They are constructed on a • Built-in input threshold hysteresis 

single monolithic silicon chip. These de- • “Fail safe” operating mode 

vices satisfy the specifications of El A stand- • inputs withstand ±30V 

ard No. RR232C. 


ABSOLUTE MAXIMUM RATINGS VOLTAGE WAVEFORMS 


EQUIVALENT SCHEMATIC AC TEST CIRCUIT 





PIN CONFIGURATION 
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ANALOG DIVISION 


MARCH 1982 


QUAD LINE RECEIVERS 


MCI 489/MCI 489A 


DC ELECTRICAL CHARACTERISTICS Vcc = 5.0V ± 1%, 0°C < Ta ^ +75®C unless otherwise specified.+2 


PARAMETER 

TEST CONDITIONS 

MC1489 

MC1489A 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input high threshold voltage 

Ta = 25® C, VouT < 0.45V, 

1.0 


1.5 

1.75 


2.25 

V 


louT = 10mA 








Input low threshold voltage 

Ta = 25® C, VouT < 2.5V, 

0.75 


1.25 

0.75 


1.25 

V 


louT = -0.5mA 









ViN = +25V 

+3.6 

+5.6 

+8.3 

+3.6 

+5.6 

+8.3 

mA 


ViN = -25V 

-3.6 

-5.6 

-8.3 

-3.6 

-5.6 

-8.3 

Input current 

ViN = +3V 

+0.43 

+0.53 


+0.43 

+0.53 


mA 


ViN = -3V 

-0.43 

-0.53 


-0.43 

-0.53 


Output high voltage 

V)N = 0.75V, louT = -0.5mA 

2.6 

3.8 

5.0 

2.6 

3.8 

5.0 

V 


Input = Open, Iout = -0.5mA 

2.6 

3.8 

5.0 

2.6 

3.8 

5.0 

V 

Output low voltage 

V|N = 3.0V, louT = 10mA 


0.33 

0.45 


0.33 

0.45 

V 

Output short circuit current 

ViN = 0.75V 


3.0 



3.0 


mA 

Supply current 

ViN = 5.0V 


20 

26 


20 

26 

mA 

Power dissipation 

ViN = 5.0V 


100 

130 


100 

130 

mW 


NOTES 


1. Voltage values shown are with respect to network ground terminal. Positive current is 
defined as current into the referenced pin. 

2. These specifications apply for response control pin = open. 


AC ELECTRICAL CHARACTERISTICS Vcc = 5.0V ± 1%, Ta = 25® C unless otherwise specified. 1.2 


PARAMETER 

TEST CONDITIONS 

MC1489 

MC1489A 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input to output “high” 

Rl = 3.9kn (AC test circuit) 


25 

85 


25 

85 

ns 

Propagation delay (tpdi) 









Input to output “low” 

Rl = 390a (AC test circuit) 


20 

50 


20 

50 

ns 

Propagation delay (tpdo) 









Output rise time 

Rl = 3.9kn (AC test circuit) 


110 

175 


110 

175 

ns 

Output fall time 

Rl = 390a (AC test circuit) 


9 

20 


9 

20 

ns 


NOTES 

1 . Voltage values shown are with respect to network ground terminal. Positive current is 
defined as current into the referenced pin. 

2. These specifications apply for response control pin = open. 


TYPICAL APPLICATIONS 


RS232C DATA TRANSMISSION 




1/4MC1489/ 

— i — 1 - 

1 

V 

1 

1/4MC1489/ 

INTERCONNECTING 

CABLE 

1 

I 

TTL/DTL 


1 

SIGNAL GROUND 

1/4MC1488 

INTERFACE DATA ^ 

TERMINAL -TT — 

EQUIPMENT 


MODEM 

‘Optional for noise filtering 
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ANALOG DIVISION 


MARCH 1982 


ADDRESSABLE PERIPHERAL DRIVERS 


NE590/NE591 


DESCRIPTION 

The NE590/591 addressable peripheral 
drivers are high current latched drivers, 
similar in function to the 9334 address de¬ 
coder. The device has 8 Darlington power 
outputs, each capable of 250mA load cur¬ 
rent. The outputs are turned on or off by 
respectively loading a logic high or logic 
low into the device data input. The required 
output is defined by a 3-bit ^dress. The 
device must be enabled by a CE input line 
which also serves the function of further ad¬ 
dress decoding. A common clear Input, 
CLR, turns all outputs off when a logic low is 
applied. 

The NE590 has 8 open collector Darlington 
outputs which sink current to ground. The 
device is packaged in a 16-pin molded or 
cerdip package. 

The NE591 has 8 open emitter Darlington 
outputs which source current to an external 
load from a common collector line. Vs. This 
Vs line need not necessarily be the same as 
the 5 volt Vcc supply. The device is pack¬ 
aged in an 18-pin molded or cerdip pack¬ 
age. 


FEATURES 

• 8 high current outputs 

• Low-loading bus compatible inputs 

• Power-on clear ensures safe operation 

• NE590 will operate in addressable or 
demultiplex mode 

• Allows random (addressed) data entry 

• Easily expandable 

• NE590 is pin compatible with 9334 

APPLICATIONS 

• Relay driver 

• Indicator lamp driver 

• Triac trigger 

• LED display digit driver 

• Stepper motor driver 


PIN DESIGNATION 


PIN CONFIGURATION 


F,N PACKAGE 

Aq QI 


m Vcc 

Ai m 


lb] ^ 

A2 \T 


H] CE 

Qo \T 

[E 

NE590 

m D 

jH Q7 

°2 [L 


m Qe 

°3 [T 


O 5 

GND [T 


T] Q4 


TOP VIEW 


ORDER NUMBERS 

NE590N,F 


F,N PACKAGE 

cs [T 


JH Vcc 

''o [I 


17] ^ 

Al IX 


le] ^ 

A2 X 


IF] D 

Qo X 

NE591 

Xl Q 7 

Ql X 


iH Qb 

Q2 X 


XI °5 

Q3 X 


XI 

GND X 


X] ''s 


TUP VIEW 


ORDER NUMBERS 

_ 

NE591N,F 



590 

PIN NO. 

591 

PIN NO. 

SYMBOL 

NAME & FUNCTION 

1-3 

2-4 

A 0 -A 2 

A 3-bit binary address on these pins defines which of the 8 output latches is to 
receive the data. 

4-7, 

9-12 

5-8, 

11-14 

Q 0 -Q 7 

The 8 device outputs. The NE590 has open collector Darlington outputs. The 

NE591 has open emitter follower outputs. 

13 

15 

D 

The data input. When the chip is enabled, this data bit is transferred to the defined 
output such that: 

“1” turns output switch “ON” 

“0” turns output switch “OFF” 




Thus in logic terms, the NE590 inverts data to the relevant output. The NE591 
retains true data at the output. 

14 

16 

CE 

The chip enable. When this input is low, the output latches will accept data. When 

CE goes high, all outputs will retain their existing state, regardless of address or 
data input conditions. 

15 

17 

CLR 

The clear input. When CLR goes low all output switches are turned “OFF”. On the 
NE590, a high data input will override the clear function on the addressed latch. On 
the NE591, CLR low will override any other condition. 

- 

1 

CS 

The chip select input provides for an additional level of address decoding. 


10 

Vs 

The Vs line provides the power to all 8 output devices. It is connected to the 
collectors of all 8 output transistors. This pin may be connected to the Vcc or 
another supply. 
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ANALOG DIVISION 


MARCH 1982 


ADDRESSABLE PERIPHERAL DRIVERS 


NE590/NE591 


TRUTH TABLE (NE590) 


INPUTS 

OUTPUTS 

MODE 

CLR 

CE 

D 

Ao 

Al 

A2 

o 

O 

Q1 

CO 

O 

CM 

O 

Q4 

05 

0 

o> 

O 7 


L 

H 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

Clear 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 


L 

L 

H 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 


L 

L 

L 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

Demultiplex 

L 

L 

H 

H 

L 

L 

H 

L 

H 

H 

H 

H 

H 

H 


L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 


L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 


H 

H 

X 

X 

X 

X 

Qf^_1- ^ 

Memory 

H 

L 

L 

L 

L 

L 

H 

Qn 

-1 - 







H 

L 

H 

L 

L 

L 

L 

Qn 

-1 - 







H 

L 

L 

H 

L 

L 

Qn- 

H 


Qn-1 




— ► 


H 

L 

H 

H 

L 

L 

Qn- 

L 


Qn-1 





Addressable 

H 

L 

L 

H 

H 

H 

Qn- 

— 

— 





H 

Latch 

H 

L 

H 

H 

H 

H 

Qn- 

— 

— 





L 



X = Don’t care condition 
Qn -1 = Previous output state 
L = Low voltage level/“ON” output state 
H = High voltage level/“OFF” output state 


(NE591) 


INPUTS 

OUTPUTS 

MODE 

CLR CE ^ D Aq A2 

Qq Qi Q2 ^3 ^4 Q5 Qe Q7 


L X X X X X X 

LLLLLLLL 

Clear 

H H H X X X X 

H H L X X X X 

H L H X X X X 

< — 

Memory 


wN-1 ^ 

Q|^_-| -^ 

H L L L L L L 

H L L H L L L 

H L L L H L L 

H L L H H L L 

H L L L H H H 

H L L H H H H 


Addressable 

Latch 


H wN-1 -^ 

Qn-1 L Qn-1-► 

Qn-1 H Qn-1-► 

Qn-1-► L 

Qn-1-► H 


X = Don’t care 

Qn_i = Previous output state 
L = Low voltage level/“OFF” output state 
H = High voltage levelA'ON” output state 
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ANALOG DIVISION 


MAROH 1982 


ADDRESSABLE PERIPHERAL DRIVERS NE590/NE591 



ABSOLUTE MAXIMUM RATINGS Ta = 25°C unless 

otherwise specified. 


PARAMETER 

RATING 

UNIT 

Vcc 

Supply voltage 

-0.5 to +7 

V 

ViN 

Input voltage 

-0.5 to +15 

V 

VoUT 

Output voltage 


V 


NE590 

0 to +7 



NE591 

0 to Vcc 


Vs 

Source bus voltage 


V 


NE591 only 

-0.5 to +7 


Vs-Vcc 

Source/supply differential 


V 


voltage 




NE591 only 

-5 to +2 


lOUT 

Output current 


mA 


Each output 

300 



All outputs 

1000 


Pd 

Power dissipation! 

1 

W 


Temperature range 


°C 

Ta 

Ambient 

0 to +70 


Tj 

Junction 

150 


Tstg 

Storage 

-65 to +150 


Tsold 

Lead soldering temperature 

300 

°C 


dOsec max) 




DC ELECTRICAL CHARACTERISTICS Vcc = 4.75 to 5.25V, 0°C < Ta < 70°C unless otherwise specified.2,3 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 


Input voltage 





V 

ViH 

High 


2.0 




ViL 

Low 




0.8 



Output voltage 





V 

VoL 

Low (NE590 only) 

loL = 250mA, Ta = 25°C 


1.0 

1.3 




Over temperature 



1.5 


VOH 

High (NE591 only) 

lOH = -250mA, Vcc = Vs = 5V 

2.9 





Input current 





mA 

IlH 

High 

Vin = Vcc 


0.1 

10 


IlL 

Low 

> 

o 

II 

c 

> 






CE input 



-25 

-60 



All other inputs 



-15 

-50 



Supply current4 

Vs = Vcc = 5V 




mA 

ICCL 

All outputs low 







NE590 



33 

50 



NE591 



15 

50 


ICCH 

All outputs high 







NE590 



15 

50 



NE591 



30 

50 



NOTES 


1. Derate power dissipation as indicated above threshold ambient temperature: 

NE590N at 95°C/W above 55°C 
NE590F at 100°C/W above 50°C 
NE591N at 90°C/W above 60°C 
NE591F at 93°C/W above 57°C 

2. All typical values are at Vcc = 5V and Ta = 25°C. 

3. For the NE591, Vs = Vcc in all tests. 

4. Supply current for the NE591 is measured with no output load. 
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ANALOG DIVISION 


MARCH 1982 


ADDRESSABLE PERIPHERAL DRIVERS 


NE590/NE591 


SWITCHING CHARACTERISTICS Vcc = 5V. Ta = 25-^0 


PARAMETER 

TO 

FROM 

NE590 

NE591 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Propagation delay time 
tPLH Low to highs 

tpHL High to lows 

Output 

CE 


100 

130 



70 

80 


ns 

tpLH Low to highs 

tPHL High to low6 

Output 

Data 


80 

100 



60 

70 



tpLH Low to high7 

tpHL High to low7 

Output 

Address 


125 

115 



70 

70 



tpLH Low to highS 

tpHL High to lows 

Output 

CLR 


80 



60 



tpLH Low to highs 

tpHL High to lows 

Output 

CS 





70 

80 



SWITCHING SET-UP REQUIREMENTS 

ts(H)9 

ts(L)9 

Chip enable 
Chip enable 

High data 

Low data 


120 

120 



50 

70 


ns 

ns 

ts(A)''0 

Chip enable 

Address 


-60 



-10 


ns 

th(H)9 

th(L)9 

Chip enable 
Chip enable 

High data 

Low data 


-60 

-60 



-60 

-20 


ns 

ns 

ts(CS)9 

Chip enable 

Low chip select 





70 


ns 

tpw(E) Chip enable pulse widths 




150 



80 


ns 


NOTES 

5. See Turn-On and Turn-Off Delays, Enable to Output and Enable Pulse Width timing 
diagram. 

6. See Turn-On and Turn-Off Delays, Data to Output timing diagram. 

7. See Turn-On and Turn-Off Delays, Address to Output timing diagram. 

8. See Turn-Off Delay, Clear to Output timing diagram. 

9. See Setup and Hold Time, Data to Enable timing diagram. 

10. See Setup Time, Address to Enable timing diagram. 


TURN-ON AND TURN-OFF DELAYS, ENABLE TO OUTPUT 
AND ENABLE PULSE WIDTH 


/ 



Other Inputs: CLR = H, A = Stable, CS = L 


TURN-ON AND TURN-OFF DELAYS, DATA TO OUTPUT 

- 1 

L 




*PLH 


•PHL 



Q (NE590) 

j 

f 



•PHL 


'PLH 



Q (NE591) 


k_ 


/ 

Other Inputs; CE = CS = 

L, CLR = H, A = Stable 
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NE590/NE591 


TURN-ON AND TURN-OFF DELAYS, ADDRESS TO OUTPUT 

A- V 

_/ 

‘ J 


•PHL 


0 (NE590) 


Other Inputs: CE = 

L, ^ = L, D = H 


SETUP TIME, ADDRESS TO ENABLE 



TURN-OFF DELAY, CLEAR TO OUTPUT 



other Inputs: CE = H, CS = H 


SETUP AND HOLD TIME, DATA TO ENABLE 



other Inputs: CLR = H, CS = L 


Other Inputs: CLR = H, A = Stable, CS = L 


INTERFACING THE 590/591 WITH A 
MICROPROCESSOR SYSTEM 




D CS (591 ONLY) D CS (591 ONLY) 


Ao, Ai, A 2 , and CS may be connected to the 
address bus if permitted by system design. 
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ADDRESSABLE RELAY DRIVER NE/SE5090 


Preliminary 


DESCRIPTION 

The NE/SE5090 addressable relay driver is a 
high current latched driver, similar in 
function to the 9934 address decoder. The 
device has 8 open collector Darlington 
power outputs, each capable of 150mA load 
current. The outputs are turned on or off by 
respectively loading a logic “1” or logic “0” 
into the device data input. The required out¬ 
put is defined by a 3 bit address. The device 
must be enabled by a CE input line which 
also serves the function of further address 
decoding. A common clear input, CLR, 
turns all outputs off when a logic “0” is 
applied. The device is packaged in a 16 pin 
plastic or CERDIP package. 


FEATURES 

• 8 high current outputs 

• Low-loading bus compatible inputs 

• Power-on clear ensures safe operation 

• Will operate in addressable or 
demultiplex mode 

• Allows random (addressed) data entry 

• Easily expandable 

• Pin compatible with 9334 


APPLICATIONS 

• Relay driver 

• Indicator lamp driver 

• Triac trigger 

• LED display digit driver 

• Stepper motor driver 


PIN DESIGNATION 


PIN NO. 

SYMBOL 

NAME AND FUNCTION 

1-3 

A0-A2 

A 3-bit binary address on these pins defines which of the 8 out¬ 
put latches is to receive the data. 

4-7, 9-12 

Q0-Q7 

The 8 device outputs. 

13 

D 

The data input. When the chip is enabled, this data bit is trans¬ 
ferred to the defined output such that: 

“1” turns output switch “ON” 

“0” turns output switch “OFF” 

14 

CE 

The chip enable. Wh^this Input is low, the output latches will 
accept data. When CE goes high, all outputs will retain their 
existing state, regardless of address or data input conditions. 

15 


The clear input. When CLR goes low all output switches are 
turned “OFF”. The high data input will override the clear func¬ 
tion on the addressed latch. 


TRUTH TABLE -55 < Ta < + 125°C, Vcc=4.5V 


INPUTS 

OUTPUTS 

MODE 

CLR 

CE 

D 

o 

< 

Al 

A2 

Qo 

Qi 

02 Q 3 

Q 4 

Q 5 

0 

cr> 

0 


L 

H 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

Clear 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 


L 

L 

H 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 


L 

L 

L 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

Demultiplex 

L 

L 

H 

H 

L 

L 

H 

L 

H 

H 

H 

H 

H 

H 


L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 


L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 


H 

H 

X 

X 

X 

X 

Qn-1-► 

Memory 

H 

L 

L 

L 

L 

L 

H 

Qn-1- 



— 




H 

L 

H 

L 

L 

L 

L 

Qn-1- 



— 


-► 


H 

L 

L 

H 

L 

L 

Qn- 

1 

H 

Qn-1 


— 

— 



H 

L 

H 

H 

L 

L 

Qn- 

1 

L 

Qn-1 





Addressable 

H 

L 

L 

H 

H 

H 

Qn- 

1 — 




— 

— 

H 

Latch 

H 

L 

H 

H 

H 

H 

Qn- 

1 — 




— 


L 



PIN CONFIGURATION 


F 

N PACKAGE 

Ao Cl 


il] ^cc 

A1 [T 


'isl CLR 

^2 CE 


TTI CE 

°o Cl 


'll] D 

m 


m 0/ 

02 [T 


jE Qe 

Q3 Cl 


IE Q5 

GND [F 


T] Q4 


TOP VIEW 


ORDER NUMBERS 


NE5090N 



NE5090F 



SE5090F 



X = Don’t care condition 
Qn -1 = Previous output state 
L = Low voltage level/“ON” output state 
H = High voltage level/“OFF” output state 
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ADDRESSABLE RELAY DRIVER 


NE/SE5090 


Preliminary 



INPUT STAGE OUTPUT STAGE 


ABSOLUTE MAXIMUM RATINGS 

= 25“C unless otherwise specified. 



PARAMETER 

RATING 

UNIT 

Vcc 

Supply voltage 

- 0.5 to + 7 

V 

VlN 

Input voltage 

-0.5 to+ 15 

V 

VOUT 

Output voltage 

0 to + 30 

V 

Iqnd 

Ground current 

500 

mA 

•out 

Output current 

Each output 

200 

mA 

Pd 

Power dissipation^ 

1 

W 

Ambient temperature range 


“C 

Ta 

SE5090 

-55 to+125 


Ta 

NE5090 

0 to + 70 


Tj 

Junction 

150 


Tstg 

Storage 

-65to+ 150 


"•"sold 

Lead soldering temperature 
(10 sec max) 

300 

“C 


DC ELECTRICAL CHARACTERISTICS Vcc = 4.5V to 5.5V,-55®C < < 125“C unless otherwise specified (SE5090)2. 

Vqc = 4.75V to 5.25V, 0°C < < 70^0 unless otherwise specified (NE5090)2. 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 


Input voltage 






V|H 

High 


2.0 



V 

V,L 

Low 




0.8 



Output voltage 






VoL 

Low 

loL = 150mA, Ta = 25^0 


1.05 

1.30 

y 



Over temperature 



1.50 



Input current 






•iH 

High 

V|N = Vcc 


<1.0 

10 

/lA 

•iL 

Low 

V,N = 0V 


-3.0 

-250 

•oH 

Leakage current 

Vout = 28V, 


5 

250 

fiA 


Supply current 

Vcc = 5.5V SE5090 





•CCL 

All outputs low 

= 5.25V NE5090 


35 

60 

mA 

•CCH 

All outputs high 



22 

50 


NOTES 

1. Derate power dissipation as indicated above threshoid ambient temperature 
NE/SE5090 N at 95X/W above 55“C 

NE/SE5090 F at 100“C/W above SOX 

2. All typical values are at Vqq = 5V and = 25“C 
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ADDRESSABLE RELAY DRIVER 


NE/SE5090 


Preliminary 


SWITCHING CHARACTERISTICS Vcc = 5V, Ta = 25°C, Vout = 5V, Iout= 100mA, V|l = 0.8V, V|h = 2.0V 


PARAMETER 

TO 

FROM 

Min 

Typ 

Max 

UNIT 

tpLH 

tpHL 

Propagation delay time 

Low to high'' 

High to low'' 

Output 

CE 


900 

130 


ns 

tpLH 

tpHL 

Low to high^ 

High to low^ 

Output 

Data 




ns 

tpLH 

tpHL 

Low to high^ 

High to low^ 

Output 

Address 


900 

130 


ns 

tpLH 

tpHL 

Low to high"^ 

High to low^ 

Output 

CLR 


920 


ns 

SWITCHING SETUP REQUIREMENTS 


ts(H)^ 

ts(L)® 


Chip enable 
Chip enable 

High data 

Low data 


40 

40 


ns 

EBB 


Chip enable 

Address 


20 


ns 

m 


Chip enable 
Chip enable 

High data 

Low data 


0 

0 


ns 

tpw(E)^ 

Chip enable pulse width'' 




20 


ns 


NOTES 

1. See Turn-On and Turn-Off Delays, Enable to Output and Enable Pulse Width timing diagram. 

2. See Turn-On and Turn-Off Delays, Data to Output timing diagram. 

3. See Turn-On and Turn-Off Delays, Address to Output timing diagram. 

4. See Turn-Off Delay, Clear to Output timing diagram. 

5. See Setup and Hold Time, Data to Enable timing diagram. 

6. See Setup Time, Address to Enable timing diagram. 


TIMING DIAGRAMS 



TURN-ON AND TURN-OFF DELAYS, DATA TO OUTPUT 



'PLH 


_^ 

•PHL 

( 


Q 



( 


\ _ 


Other Inputs: CE = L, CLR = H, A = Stable 


TURN-ON AND TURN-OFF DELAYS, ADDRESS TO OUTPUT 

A V 

' 7 

k / 



•pHL 


Q 

Other Inputs: CE = 


L, CLR = L, D = H 


TURN-OFF DELAY, CLEAR TO OUTPUT 


CLR 


Q 



Other Inputs: CE - H. 
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ADDRESSABLE RELAY DRIVER 

NE/SE5090 

TIMING DIAGRAMS (Contd) 




TYPICAL APPLICATIONS 


INTERFACING WITH A 
MICROPROCESSOR SYSTEM 



Ao, Ai, A 2 , may be connected to the 
address bus if permitted by system design. 
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DISPLAY DRIVER-SYMBOLS AND DEFINITIONS 


Ta 

Ambient temperature range. Range of the surrounding environment 
of the operating device. 

Tj 

Junction Temperature. The maximum temperature of the device. 
150°C is standard for silicon devices. 

tstg 

storage temperature range. Temperature range that the device can 
be stored in a non-operating condition. 

TSOLD 

Soldering Temperature. The temperature which can be applied to 
the lead frame of the device for short periods of time (normally 
specified for a duration of 10 sec). 

Truth Tables 

0 is logic level low 
1 is logic level high 

X - don’t care condition - has no effect under circuit conditions 
listed. 

Absolute Maximum Rating 

Operating safe zones exceeding these limits could cause perma¬ 
nent damage to the device and are not meant to imply that devices 
can operate at these limits. 

Power Dissipation 

The power that the device can safely handle at 25°C. The dissipa¬ 
tion must be derated as indicated for the individual package type. 

Package Type Designation 

See full package designations in Appendix. 

Vcc (-Vcc) 

Supply Voltage. The range of power supply voltage over which the 
device will operate safely. 

LED 

Light Emitting Diode 
XK 

Negate Bar-when it appears over a function indicates that the 
“true" or valid condition of that function is a logic low level, 
i.e. LE - would require a logic high level to cause a latch enable. 
LE - would require a logic low level to cause a latch enable. 

■SEG 

Segment Current. The amount of current supplied to each segment 
in a display. Current ratios are generally compared to segment ‘b’. 

BCD 

Binary Coded Decimal 

ii/RBO 

Blanking Input or Ripple Blanking Output. 

W\ 

Ripple Blanking Input. The maximum clock frequency: the maximum 
input frequency at a clock input for the predictable performance. 
Above this frequency the device may cease to function. 


*PLH 

Propagation Delay Time. The time between the specified reference 
points on the input and output waveforms with the output changing 
from the defined LOW level to the defined HIGH level. 

tPHL 

Propagation Delay Times. The time between the specified refer¬ 
ence points on the input and output waveforms with the output 
changing from the defined HIGH level to the defined LOW level. 

Segment Identification 



th 

Hold Time. The interval immediately following the active transition 
of the timing pulse (usually the clock pulse) or following the transi¬ 
tion of the control input to its latching level, during which interval the 
data to be recognized must be maintained at the input to ensure its 
continued recognition. A negative hold time indicates that the cur¬ 
rent logic level may be released prior to the active transition of the 
timing pulse and still be recognized. 

*8 

Setup Time. The interval immediately preceeding the active transi¬ 
tion of the timing pulse (usually the clock pulse) or preceeding the 
transition of the control input to its latching level, during which 
interval the data to be recognized must be maintained at the input to 
ensure its recognition. A negative setup time indicates that the 
correct logic level may be initiated sometime after the active transi¬ 
tion of the timing pulse and still be recognized. 

tw 

Pulse Width. The time between the specified reference points on 
the leading and trailing edges of a pulse. 

*rec 

Recovery Time. The time between the reference point on the trailing 
edge of an asynchronous input control pulse and the reference 
point on the activating edge of a synchronous (clock) pulse input 
such that the device will respond to the synchronous input. 

Vs 

Source Voltage. A separate Vqq line depending on part type. 

lOH 

Output Current Source the device can supply while maintaining a 
specified voltage output level. 

Typical Value 

The typical value of a particular parameter determined by charac¬ 
terization of the device or sampling. Usually indicates that the 
particular device is not 100% tested for the parameter because it 
does not vary or can be determined by design and other tested 
variables. Occasionally typical values are given rather than min- 
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DISPLAY DRIVER-SYMBOLS AND DEFINITIONS 


DISPLAY DRIVER DEFINITIONS (Cont d) 

max values because 100% testing would raise the cost of the 
product to a prohibitive level. If a typical value must be guaranteed 
to ensure specific operation, custom testing can often be provided 
at an additional cost to the user. 

<s 

Source Current. Current flowing into the Vs supply terminal of the 
device with specified operating conditions. 

Duty Cycle 

Ratio of time on to time off. Generally expressed in percentage. 

Vp 

Forward voltage drop of a device at a specified current level. 

■b 

Input Bias Current Current into an analog circuit input, specified at a 
particular voltage level. 

CLR 

Clear. Clear command will preset all internal circuits to a predeter¬ 
mined state. 

CE 

Chip Enable. 

V|H 

Input High Voltage. The range of input voltages recognized by the 
device as a logic high. 

V|L 

Input Low Voltage. The range of input voltages recognized by the 
device as a logic low. 

VOH 

Output High Voltage. The minimum guaranteed High voltage at an 
output terminal for the specified output current Iqh 
minimum Vcc value. 

VOL 

Output Low Voltage. The maximum guranteed low voltage at an 
output terminal sinking the specified load current Iql- 


VbR 

Output Breakdown Voltage. Maximum voltage applied to a disabled 
(off) output to ensure a leakage current less than the specified 
value. 

V|N 

The range of voltage on any input which the device can safely 
handle or a specified Input voltage to the device. 

VOUT 

The range of voltage on any output which the device can safely 
handle or a specified output voltage to the device. 

Icc(-lcc) 

Supply Current. The current flowing into the +Vcc (“Vqc) supply 
terminal of the circuit with specified input conditions and open 
outputs. Input conditions are chosen to guarantee worst case oper¬ 
ation unless specified. 

I|H 

Input High Current. The Current flowing into or out of an input when a 
specified High level voltage is applied to that input. 

I|L 

Input Low Current. The current flowing out of an input when a speci¬ 
fied Low level voltage is applied to that input. 

■OL 

Output Low Current. The current flowing into an output when a which 
is in the Low State. 

'os 

Output Short-Circuit Current. The current flowing out of an output 
which is in the High state when that output is short circuit to the 
ground. 

'CEX 

Output Leakage Current. The current flowing out of or into a dis¬ 
abled (off) output with a specified High output voltage applied. 
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HEX UNIVERSAL DRIVER 


NE582-1 


Preliminary 


DESCRIPTION 

The NE582-1 is a general interface device 
comprising a high current output transistor 
and drive circuitry in each of 6 elements. 
Each output transistor is individually capa¬ 
ble of sinking 400mA with a typical satura¬ 
tion voltage of 0.5V. Input loading is such 
that direct interfacing with P-MOS, N-MOS, 
C-MOS or TTL is possible. 

The NE582-1 has applications as a LED dis¬ 
play driver, low voltage relay/lamp drivers 
and many others where high current capa¬ 
bility without speed constraints is required. 

The NE582-1 is supplied in a 16-pin high 
dissipation dual-in-line plastic package. 

ABSOLUTE MAXIMUM RATINGS 


FEATURES 

• Low saturation voltage (typically 0.5V) 
for minimum power dissipation 

• High output sink current capability— 
400mA 

• Low Input current loading for MOS com¬ 
patibility 

• Low standby power consumption 

• Suitable for 3 volt battery operation 

• Inputs/outputs are compatible with 
75494 


PARAMETER 

RATING 

UNIT 

Input voltage ranged 

-12 to Vss 

V 

Output voltage2 

15 

V 

Output to input voltage differential 

10 

V 

Voltage at Vss (pin 1) 

10 

V 

Output current—each output 

400 

mA 

Output current—all outputs 

800 

mA 

Continuous total power dissipation 
at or below 25® 03 

800 

mW 

Current in Vr (pin 9 or 16) 

25 

mA 

Operating free-air temperature range 

0 to +70 

®C 

Storage temperature range 

-65 to +150 

®C 

Lead temperature 1/16 inch from 
case for lOsec 

260 

®C 


NOTES 


1. The inputs are the only pins which may be negative with respect to ground. 

2. Voltage values are with respect to ground. 

3. Above 25° C, derate power dissipation at 6.25mW/°C. 


PIN CONFIGURATION 



EQUIVALENT SCHEMATIC 


Vr Vout 
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HEX UNIVERSAL DRIVER NE582-1 


Preliminary 


ELECTRICAL CHARACTERISTICS Ta = 0°C to 70°C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 

VoL Low level output voltage 

ViN Ir Iol 

V mA mA 

3.2 6.0 150 

Rin = 1K 

(Series input resistance) 


.500 

.750 

V 

loH High level output current 

Voh=15V, V,n = 0.1V 



50 

non 

liN Input current at maximum 

Input voltage 

ViN = 10V, loL = 20mA, Ir = 2mA 


2.2 

3.3 

m 

Vr 

Iss Current into pin 1 

ViN = 6.5V, Ir = 6mA, loL = 80mA 
Vss = 10V 


.9 

1.5 

100 

V 

mA 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 

Switching characteristics 

Tplh Propagation delay, low to high 

level input 

Rr = 6800 

Rl = 390 

Cl = 15pF 


600 


ns 

Tphl Propagation delay, highi 

to low level input 

ViH = 7.5V 

ViL = OV 
tr = tf < 10ns 

X\N — ^^XS 

PRR = 100kHz 


50 


ns 


TYPICAL APPLICATION FOR DIGIT DRIVING 
OF AN LED DISPLAY 



NE582 


1/6 NE582 AS A 
RELAY DRIVER 
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HEX UNIVERSAL DRIVER 


NE582-1 


Preliminary 


PRELIMINARY SPECIFICATION 


OUTPUT SATURATION VOLTAGE AS A FUNCTION 
OF OUTPUT LOAD CURRENT, 

IR ^ 25mA 
V|N = 6.5 VOLTS 



0 200 400 

OUTPUT LOAD CURRENT (mA) 


INPUT CURRENT AS A FUNCTION 
OF INPUT VOLTAGE, 

IR = 25mA, Vss = 10V, Ta = 25°C 



-12 -8-4 0 4 8 10 

INPUT VOLTAGE (mV) 


10 
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NE587 


FEATURES 

• Latched BCD inputs 

• Low loading bus-compatible inputs 

• Ripple-blanking on leading and/or trail¬ 
ing edge zeros 

APPLICATIONS 

• Digital panel meters 

• Measuring instruments 

• Test equipment 

• Digital clocks 

• Digital bus monitoring 


ABSOLUTE MAXIMUM RATINGS = 25 ®C unless otherwise specified 


PARAMETER 

RATING 

UNIT 

Vcc 

Supply voltage 

-0.5 to +7 

V 

V|N 

Input voltage 
(Do - Dg, LE, RH) 

-0.5 to +15 

V 

VOUT 

Output voltage 
(a-g, RBO) 

-0.5 to +7 

V 

Pd 

Power dissipation (25®C)^ 

1000 

mW 

Ta 

Ambient temperature range 

Oto 70 

“C 

Tj 

Junction temperature 

150 

‘’C 

TsTG 

Storage temperature range 

-65 to +150 

°C 

TsOLD 

Soldering temperature 
(10 sec. max) 

300 



NOTE 


Derate power dissipation as indicated 
N package - 95°C/watt above 55°C 
F package - lOO°C/watt above 50°C 


DESCRIPTION 

The NE587 is a latch/decoder/driver for 7- 
segment common anode LED displays. The 
NE587 has a programmable current output 
up to 50mA which is essentially independent 
of output voltage, power supply voltage, and 
temperature. The data (BCD) inputs and LE 
(latch enable) input are low-loading so that 
they are compatible with any data bus sys¬ 
tem. The 7-segment decoding is implement¬ 
ed with a ROM so that alternative fonts can 
be made available. 


PIN CONFIGURATIONS 


F,N PACKAGE 

Dl [T 


^ Vcc 

Cl 


l7]t 

LE [T 


jUg 

BI/RBO [T 


Is] a 

[H 


in b 

'^3[L 


m c 

Do [T 


171 «• 

-pEI 


IT]. 

DIG GND [T 




TOP VIEW 


ORDER NUMBERS 

NE587F NE587N 


BLOCK DIAGRAM 



POWER GNO (10) 
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LED DECODER/DRIVER 


NE587 


DC ELECTRICAL CHARACTERISTICS Vcc == 4.76 to 6.25V. o‘’C < Ta < 70‘’C. 

_ Typical values are at Vcc ~ 5V, Ta = 25°C, Rp = (+ io/o) unless otherwise stated. 


PARAMETER 

TEST CONDITIONS 

NE587 

UNIT 

Min 

Typ 

Max 

Vcc 

Operating supply voltage 


4.75 

5.00 

5.25 

V 

V|H 

Input high voltage 

All Inputs except Bl 

2.0 


15 

y 



Bi 

2.0 


5.5 


V|L 

Input low voltage 




0.8 

V 

V|C 

Input clamp voltage 

IlN = -12mA, Ta = 25®C 



-1.5 

V 

•IH 

Input high current 

Inputs Dq -D 3 , LE, RBI 




nA 



V|N = 2.4V 


1.0 

10 




V|N = 15V 


15 

15 




Input Bl (pin 4) 


10 

100 

mA 



RBI = H 







V|N = Vcc = 5.25V 





l|L 

Input low current 

V|N ~ 0.4V, Inputs Dg ~ D 3 


-5 


juA 



LE. RBI 


-200 





Input Bl 

Vcc = 5.25V 


-0.7 





RBI = H, V|N = 0.4V 




mA 

Vql 

Output low voltage 

Output RBO 
•out ” 3.0mA 


.2 

.5 

V 

Vqh 

Output high voltage 

Output RBO 
•out = -50^A 

3.5 

4.5 


V 



RBI = H 





•out 

Output segment 

Outputs “a” thru “g” 

20 

25 

30 

mA 


“ON” current 

VoUT = 2.0V 





^•OUT 

Output current ratio 

With reference to “b” segment 

0.90 

1.00 

1.10 



(all outputs ON) 

VouT = 2.0V 





•off 

Output segment 

Outputs “a” thru “g” 


20 

260 

mA 


“OFF" current 

VoUT = 5.0V 





•cco 

Supply current 

Vcc = 5.25V 

All outputs “ON” 


33 

55 

mA 



VoUT > IV 





•cci 

Supply current 

Vcc = 5.25V 

All outputs blanked 


50 

70 

mA 


NOTE 

NE587 PROGRAMMING 

The NE687 output current can be programmed, provided a program resistor, Rp, be 
connected between Ip (pin 8) and Ground (pin 9). The voltage at Ip (pin 8) is constant 
1.3V lo 

(as 1.3V). Thus, a current through Rp is Ip as pp , as shown in Figure 5. "[^ is 20 in the 
15 to 50mA output current range. 
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AC ELECTRICAL CHARACTERISTICS Vcc = 6V Ta = 25^C. Rl * 130J2, Cl = 30pF including probe capacity. 


PARAMETER 

TEST CONDITIONS 

NE587 

UNIT 

Min 

Typ 

Max 

•Dav, 

Propagation delay 

Figure 2 

From data to output 


135 


ns 

'Dav. 

Propagation delay 

Figure 3 

From LE to output 


135 


ns 

tw 

Latch enable pulse width 

Figure 4 


30 



ns 

ts 

Latch enable setup time 

Figure 4 

From data to LE 

20 

i 


ns 

tH 

Latch enable hold time 

Figure 4 

From LE to data 

0 



ns 


NOTE 

^Dav. “ + <LH> 


TRUTH TABLE 


BINARY 

INPUTS 

OUTPUTS 


INPUT 

LE 

RBI 

D3 

D2 

Dl 

Do 

L» 

b 

c 

d 

e 

f 

g 

RBO 

DISPLAY 

- 

H 

« 

X 

X 

X 

X 

STABLE 

•• 

STABLE 

0 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

BLANK 

0 

L 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

0 

1 

L 

X 

L 

L 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

1 

2 

L 

X 

L 

L 

H 

L 

L 

L 

H 

L 

L 

H 

L 

H 

2 

3 

L 

X 

L 

L 

H 

H 

L 

L 

L 

L 

H 

H 

L 

H 

3 

4 

L 

X 

L 

H 

L 

L 

H 

L 

L 

H 

H 

L 

L 

H 

4 

5 

L 

X 

L 

H 

L 

H 

L 

H 

L 

L 

H 

L 

L 

H 

5 

6 

L 

X 

L 

H 

H 

L 

L 

H 

L 

L 

L 

L 

L 

H 

6 

7 

L 

X 

L 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

7 

8 

L 

X 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

H 

8 

9 

L 

X 

H 

L 

L 

H 

L 

L 

L 

L 

H 

L 

L 

H 

9 

10 

L 

X 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

- 

11 

L 

X 

H 

L 

H 

H 

L 

H 

H 

L 

L 

L 

L 

H 

E 

12 

L 

X 

H 

H 

L 

L 

H 

L 

L 

H 

L 

L 

L 

H 

H 

13 

L 

X 

H 

H 

L 

H 

H 

H 

H 

L 

L 

L 

H 

H 

L 

14 

L 

X 

H 

H 

H 

L 

L 

L 

H 

H 

L 

L 

L 

H 

P 

15 

■ 

L 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

blank 

**BI 

X 

X 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

L** 

blank 


NOTES 

H = HIGH voltage level, output is "OFF" 

L * LOW voltage level, output is "ON" 

X = Don’t care 

* The RBI will blank the display only if a binary zero is stored in the latches. 
* * RBO/BI used as an input overrides all other input conditions. 
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NE587 PROGRAMMING 

NE587 output current can be programmed 
by using a programming resistor, Rp, con¬ 
nected between rp (pin 8) and Qnd (pin 9). 
The voltage at rp (pin 8) is constant 
(a^ 1.40V). A partial schematic of the volt¬ 
age reference used in the NE587 is shown in 
figure 1. 


Output current to program current ratio, 
IQ/Ip. is 20 in the 15mA to 50mA range. 
Note that Ip must be derived from a resistor 
(Rp), and not from a high impedance source 
such as an ioUT control display 

brightness. 



TIMING DIAGRAMS 


PROPAGATION DELAY, DATA TO OUTPUT 

X ) 


L I 

— *plh — ► 


OUTPUT I 

> 


LE = L 


Figure 2 



PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 






.V 

D0-D3 ^ 

OUTPUT 

> 

^ - N 



Figure 3 



POWER DISSIPATION 
CONSIDERATIONS 

LED displays are power-hungry devices, 
and inevitably somewhat inefficient in their 
use of the power supply necessary to drive 
them. Duty cycle control does afford one 
way of improving display efficiency, pro¬ 
vided that the LEDS are not driven too far 
into saturation, but the improvement is mar¬ 
ginal. Operation at higher peak currents has 
the added advantage of giving much better 
matching of light output, both from segment- 
to-segment and digit-to-digit. 


An output current of 10 to 50mA was chosen 
so that it would be suitable for multiplexed 
operation of large size LED digits. When de¬ 
signing a display system, particular care 
must be taken to minimize power dissipation 
within the 1C display driver. Since the output 
is a constant current source, all the remain¬ 
ing supply voltage, which is not dropped 
across the LED (and the digit driver, if 
used), will appear across the output. Thus, 
the power dissipation will go up sharply if 
the display power supply voltage rises. 
Clearly, then, it is good design practice to 
keep the display supply voltage as low as 
possible consistent with proper operation of 
the supply output current sources. Inserting 
a resistor or diode in series with the display 
supply is a good way of reducing the power 
dissipation within the integrated circuit seg¬ 
ment driver, although, of course, total sys¬ 
tem power remains the same. 

Power dissipation may be calculated as fol¬ 
lows. Referring to figure 6, the two system 
power supplies are Vqq and Vs- In many 
cases, these will be the same voltage. Nec¬ 
essary parameters are: 


Vcc, 

Supply voltage to driver 

Vs. 

Supply voltage to display 

Icc. 

Quiescent supply current of 


driver 

•SEG. 

LED segment current 

Vf. 

LED segment forward voltage at 


Ueg 

Kdc. 

% Duty cycle 


Vp, the forward LED drop, depends upon the 
type of LED material (hence the color) and 
the forward current. The actual forward volt¬ 
age drops should be obtained from the LED 
display manufacturer’s literature for the 
peak segment current selected; however, 
approximate voltages at nominal rated cur¬ 
rents are: 

Red 1.6 to 2.0V 

Orange 2.0 to 2.5V 

Yellow 2.2 to 3.5V 

Green 2.5 to 3.5V 
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TIMING DIAGRAMS (Cont’d) These voltages are all for single diode dis¬ 

plays. Some early red displays had 2 series 
LEDS per segment; hence the forward volt¬ 
age drop was around 3.5V. 

Thus a maximum power dissipation calcula¬ 
tion when all segments are on, is: 


Pd = Vcc X ICC + (Vs - Vp) X 7 X Iseg X Kdc 
mW 

Assuming Vs = Vqc = 5.25V 
Vp = 2.0V 
Kqc = 100% 

Pd max =5-25 X 50 -I- 3.25 X 7 X 30 mW 
= 945 mW 



TYPICAL PERFORMANCE CURVES 


SUPPLY CURRENT VS SUPPLY VOLTAGE OUTPUT CURRENT VS OUTPUT VOLTAGE 
NE587 NE587 

Rp = IKohms 


NORMALIZED OUTPUT CURRENT 
VS TEMPERATURE 
Vcc = 5.0 V 



4.0 4.4 4.8 5.2 5.6 6.0 6.4 

Vcc (VOLTS)-► 


NORMALIZED OUTPUT CURRENT 
VS SUPPLY VOLTAGE 
Vo = 2V 
Ta = 25®C 



Vcc (VOLTS)-► 



0 1.0 2.0 3.0 4.0 5.0 


VOUT (VOLTS)—► 


MAXIMUM POWER DISSIPATION 
VS TEMPERATURE 


1000 






X 

600 







200 

0 








0 25 50 75 

ta rc)-► 



OUTPUT CURRENT 
VS PROGRAM RESISTOR 



0 2.0 4.0 6.0 8.0 10.0 

Rp (Kohms)- 
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TYPICAL APPLICATIONS 

DRIVING A SINGLE DIGIT 

Vcc 



NOTE 

Decoupling capacitor on Vqq should be 0.01 ceramic 

Figure 6 


However, the average power dissipation will 
be considerably less than this. Assuming 5 
segments are on (the average for all output 
code combinations), then 

Pd av = 5.0 X 30 + 3.00 X 5 X 25 mW 
= 525 mW 

Operating temperature range limitations can 
be deduced from the power dissipation 
graph. (See Typical Performance Charac¬ 
teristics). 

However, a major portion of this power dissi¬ 
pation (Pd max) because the current 
source output is operating with 3.25 V 
across it. In practice, the outputs operate 
satisfactorily down to 0.6V, and so the extra 
voltage may be dropped external to the inte¬ 
grated circuit. 

Suppose the worst case Vcc^Vs supply is 
4.75 to 5.25V, and that the maximum Vg for 
the LEO display is 2.25V. Only 2.75V is re¬ 
quired to keep the display active, and hence 
2.0V may be dropped externally with a resis¬ 


tor from Vcc ^3. The value of this resis¬ 
tor is calculated by: 

2.0 

Ro = - 100 (’72 W rating) 

7 X Iseg 

assuming worst case Iseg of 30 mA 
Hence now Pd max = ^cc X Icc + (^s ” Vv - 
Rx X 7 X Iseg) X 7 X X Igeg 

XKdc 

= 5.25X50-F 1.25X7X30 
mW 

= 525 mW 

and Pd av = 5.0 X 30 -I- 1.25 X 5 X 25 
= 306 mW 

if a diode (or 2) is used to reduce voltage to 
the display, then the voltage appearing 
across the display driver will be indepen¬ 
dent of the number of “ON” segments and 
will be equal to 

Vs - Vp - nVd . Vd ^ 0.8V 

Where n is the number of diodes used, pow¬ 
er dissipation can be calculated in a similiar 
manner. 


In a multiplexed display system, the voltage 
drop across the digit driver must also be 
considered in computing device power dissi¬ 
pation. It may even be an advantage to use a 
digit driver which drops an appreciable volt¬ 
age, rather than the saturating PNP transis¬ 
tors shown in figure 9. For example a dar- 
lington PNP or NPN emitter follower may be 
preferable. Figure 8 shows the NE591 as 
the digit driver in a multiplexed display sys¬ 
tem. The NE591 output drops about 1.8V 
which means that the power dissipation is 
evenly distributed between the two integrat¬ 
ed circuits. 

Where Vs and Vcc ^^e two different sup¬ 
plies, the Vs supply may be optimized for 
minimum system power dissipation and/or 
cost. Clearly, good regulation in the Vs sup¬ 
ply is totally unnecessary, and so this supply 
can be made much cheaper than the regu¬ 
lated 5V supply used in the rest of the sys¬ 
tem. In fact a simple unsmoothed full-wave 
rectified sine wave works extremely well if a 
slight loss in brightness can be tolerated. A 
transformer voltage of about 3-4.5V rms 
works well in most LED display systems. 
Waveforms are shown below: 


Vs 

Iseg 

smSm 




The duty cycle for this system depends upon 
Vs, Vp and the output characteristics of the 
display driver. 

With 

Vs = 4.9V pk. 

Vp = 2.0V 

The duty cycle is approximately 60%. 
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TYPICAL APPUCATIONS (Confd) 



4-DIGIT MULTIPLEXED LED DISPLAY 



Figure 9 
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DESCRIPTION 

The NE589 is a latch/decoder/driver for 7- 
segment common cathode LED displays. 
The NE589 has a programmable current out¬ 
put up to 50mA which is essentially indepen¬ 
dent of output voltage, power supply volt¬ 
age, and temperature. The data (BCD) 
inputs and LE (latch enable) input are low- 
loading so that they are compatible with any 
data bus system. The 7-segment decoding 
is implemented with a ROM so that alterna¬ 
tive fonts can be made available. 


FEATURES 

• Latched BCD inputs 

• Low loading bus-compatible inputs 

• Ripple-blanking on leading and/or trail¬ 
ing edge zeros 

APPLICATIONS 

• Digital panel meters 

• Measuring instruments 

• Test equipment 

• Digital clocks 

• Digital bus monitoring 


ABSOLUTE MAXIMUM RATINGS Ta == 25^C unless otherwise specified 


PARAMETER 

RATING 

UNIT 

Vcc* Vs 

Supply voltage 

-0.5 to -1-7 

V 

V|N 

Input voltage 
(Do - Ds, LE. m) 

-0.5 to -f15 

V 

VOUT 

Output voltage 
(a-g, RBO) 

-0.5 to -1-7 

V 

Pd 

Power dissipation (25^0)^ 

1000 

mW 

Ta 

Ambient temperature range 

Oto 70 

“C 

Tj 

Junction temperature 

150 

"C 

TsTG 

Storage temperature range 

-65 to -1-150 

"C 

TsOLD 

Soldering temperature 
(10 sec. max) 

300 

“C 


NOTE 

Derate power dissipation as indicated 
N package - QS^C/watt above 55°C 
F package - lOO^C/watt above 50°C 


PIN CONFIGURATION 


F,N PACKAGE 

Di [T 


X vcc 

D2 |T 


Xlt 

leq: 


X] 9 

BI/RBO 


jU a 

RBi [T 


m b 

D3 (X 


me 

Do (T 


Iz] d 

.pIX 


me 

GND [T 


m Vs 

TOP VIEW 

ORDER NUMBERS 

NE589F NE589N 


BLOCK DIAGRAM 



Vs ( 10 ) 
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DC ELECTRICAL CHARACTERISTICS 


Vcc = 4.75 to 5.25V, 0°C < T/^ < 70®C. Typical values are at Vq 0 = Vs= 5V, TA = 25°C,Rp = 7kO (±1%) unless other\A/ise stated. 


PARAMETER 

TEST CONDITIONS 

NE589 

UNIT 

Min 

Typ 

Max 

Vcc. Vs Operating supply voltage 


4.75 

6.00 

5.25 

V 

ViH Input high voltage 

Ail inputs except Bl 

Bi 

2.0 

2.0 


15 

5.5 

V 

V|L Input low voltage 




0.8 

V 

V|c Input clamp voltage 

l|(sl = -12mA. Ta = 25*0 



-1.5 

V 

l|H Input high current 

Inputs Dq —D 3 , LE, RBI 

V|N = 2.4V 

V,N = 15V 


0.1 


mA 

mA 

l|H Input high current 

Input Bl (pin 4) 

RBl = H 

V|N = Vcc = 5.25V 


10 


mA 

l|L Input low current 

V||s| = 0.4V, Inputs Dq — D 3 

le.Mi 


-5 

-200 


mA 

l|L Input low current 

Input Bi 

Vcc = 5.25V 

RBI = H, V|N = 0.4V 


-0.7 


mA 

Vql Output low voltage 

Output RBO 
•out “ 3.0mA 




V 

Vqh Output high voltage 

Output RBO 
•out = -50/LtA 

RBI = H 


4.5 


V 

•out Output segment 

“ON” current 

Outputs “a” thru “g” 

VOUT = 2 . 0 V 

20 

25 

1 

30 

mA 

^•OUT Output current ratio 

(all outputs ON) 

With reference to “b” segment 

Vqut = 2 . 0 V 

0.90 

1.00 

1.10 


Iqff Output segment 

“OFF" current 

Outputs “a” thru “g” 


20 

250 

mA 

•CCO Supply current 

Vcc = 5.25V 

All outputs “ON” 

VoUT > IV 


25 


mA 

•CCI Supply current 

Vcc = 5.25V 

Ail outputs blanked 


30 


mA 
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AC ELECTRICAL CHARACTERISTICS V0c = Vs = 5V Ta = 25“C, Ri,= 130fi, Cl = 30pF including probe capacity. 


PARAMETER 

TEST CONDITIONS 

NE589 

UNIT 


^^1 

Max 

•Dav. 

Propagation delay 

Figure 2 

From data to output 


m 


ns 

*Dav. 

Propagation delay 

Figure 3 

From LE to output 


m 


ns 

tw 

Latch enable pulse width 

Figure 4 





ns 

ts 

Latch enable setup time 

Figure 4 

From data to LE 




ns 

tH 

Latch enable hold time 

Figure 4 

From LE to data 






NOTE: 

=max(tHL + tLH) 


TRUTH TABLE 


BINARY 

INPUTS 

OUTPUTS 


INPUT 

LE 

Rif 

D3 

D2 

Dl 

Do 

a 

_ 

b 

c 

d 

e 

f 

g 

RBO 


- 

H 

• 

X 

X 

X 

X 

STABLE 


0 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 


0 

L 

H 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

L 

H 

0 

1 

L 

X 

L 

L 

L 

H 

L 

H 

H 

L 

L 

L 

L 

H 

1 

2 

L 

X 

L 

L 

H 

L 

H 

H 

L 

H 

H 

L 

H 

H 

2 

3 

L 

X 

L 

L 

H 

H 

H 

H 

H 

H 

L 

L 

H 

H 

3 

4 

L 

X 

L 

H 

L 

L 

L 

H 

H 

L 

L 

H 

H 

H 

4 

5 

L 

X 

L 

H 

L 

H 

H 

L 

H 

H 

L 

H 

H 

H 

5 

6 

L 

X 

L 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

6 

7 

L 

X 

L 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

H 

7 

8 

L 

X 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

8 

9 

L 

X 

H 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

9 

10 

L 

X 

H 

L 

H 

L 

H 

H 

H 

L 

H 

H 

H 

H 

a 

11 

L 

X 

H 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

b 

12 

L 

X 

H 

H 

L 

L 

H 

L 

L 

H 

H 

H 

L 

H 

c 

13 

L 

X 

H 

H 

L 

H 

L i 

H 

H 

H 

H 

L 

H 

H 

d 

14 

L 

X 

H 

H 

H 

L 

H 

L 

L 

H 

H 1 

H 

H 

H 

e 

16 

L 

X 

H 

H 

H 

H 

H 

L 

L 

L 


H 

H 

H 

f 

**BI 

JLj 

X 

X 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L** 

blank 


NOTES 

H = HIGH voltage level, output is “ON” 

L = LOW voltage level, output is “OFF” 

X == Don’t care 

* The will blank the display only if a binary zero is stored in the latches. 
* * RBO/BI used as an input overrides ail other input conditions. 
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NE589 PROGRAMMING 

NE589 output current can be programmed 
by using a programming resistor, Rp, con* 
nected between rp (pin 8) and Gnd (pin 9). 
The voltage at rp (pin 8) is constant 
(=» 1.3V). A partial schematic of the volt¬ 
age reference used in the NE589 is shown in 
figure 1. 


TIMING DIAGRAMS 


Output current to program current ratio, 
IQ/Ip, is 120 in the 10mA to 50mA range. 
Note that Ip must be derived from a resistor 
(Rp), and not from a high impedance source 
such as an IquT control display 

brightness. 


POWER DISSIPATION 
CONSIDERATIONS 

LED displays are power-hungry devices, 
and inevitably somewhat inefficient in their 
use of the power supply necessary to drive 
them. Duty cycle control does afford one 
way of improving display efficiency, pro¬ 
vided that the LEDS are not driven too far 
into saturation, but the improvement is mar¬ 
ginal. Operation at higher peak currents has 
the added advantage of giving much better 
matching of light output, both from segment- 
to-segment and digit-to-digit. 

An output current of 10 to 60mA was chosen 
so that it would be suitable for multiplexed 
operation of large size LED digits. When de¬ 
signing a display system, particular care 
must be taken to minimize power dissipation 
within the 1C display driver. Since the output 
is a constant current source, all the remain¬ 
ing supply voltage, which is not dropped 
across the LED (and the digit driver, if 
used), will appear across the output. Thus, 
the power dissipation will go up sharply if 
the display power supply voltage rises. 
Clearly, then, it is good design practice to 
keep the display supply voltage as low as 
possible consistent with proper operation of 
the supply output current sources. Inserting 
a resistor or diode in series with the display 
supply is a good way of reducing the power 
dissipation within the integrated circuit seg¬ 
ment driver, although, of course, total sys¬ 
tem power remains the same. 

Power dissipation may be calculated as fol¬ 
lows. Referring to figure 5, the two system 
power supplies are Vcc Vs- In many 
cases, these will be the same voltage. Nec¬ 
essary parameters are: 

Vcc, Supply voltage to driver 

Vs, Supply voltage to display 

IqC' Quiescent supply current of 
driver 

•SEG» led segment current 

Vp, LED segment forward voltage at 

Iseg 

Kdc> ‘yo Duty cycle 

Vp, the forward LED drop, depends upon the 
type of LED material (hence the color) and 
the forward current. The actual forward volt¬ 
age drops should be obtained from the LED 
display manufacturer’s literature for the 
peak segment current selected; however, 
approximate voltages at nominal rated cur¬ 
rents are: 

1.6 to 2.0V 
2.0 to 2.5V 
2.2 to 3.6V 
2.5 to 3.5V 



PROPAGATION DELAY, DATA TO OUTPUT 


X 


t~T 

— tpLH —► 

> 


T 




Figure 2 


PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 

v__L/ 

X- 




\ 


Figure 3 


Red 

Orange 

Yellow 

Green 


SIgnetics 
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TIMING DIAGRAMS (Cont'd) 



These voltages are all for single diode dis¬ 
plays. Some early red displays had 2 series 
LEDS per segment: hence the forward volt¬ 
age drop was around 3.5V. 

Thus a maximum power dissipation calcula¬ 
tion when all segments are on, is: 

Pd = Vcc X 'CC + (Vs - Vp) X 7 X Iseg X Kqc 
mW 

Assuming Vs = Vcc = 5.25V 
Vp = 2.0V 
Kdc = foo% 

Pd max =5-25 X 50 + 3.25 X 7 X 30 mW 
= 945 mW 


TYPICAL PERFORMANCE CURVES 


OUTPUT CURRENT VS 
PROGRAM RESISTOR 


OUTPUT CURRENT VS 
OUTPUT VOLTAGE 


NORMALIZED OUTPUT CURRENT 
VS TEMPERATURE 



Rp (Kohms) 


VouT (VOLTS) 


TEMPERATURE (“C) 


NORMALIZED OUTPUT CURRENT 
VS SUPPLY VOLTAGE 


SUPPLY CURRENT VS 
SUPPLY VOLTAGE 



4.0 4.5 5.0 5.5 6.0 



4.0 4.5 5.0 5.5 6.0 7.0 


Vcc (VOLTS) 


Vcc (VOLTS) 
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LED DECODER/DRIVER 
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Preliminary 


TYPICAL PERFORMANCE CURVES (Cont’d) 



DRIVING A SINGLE DIGIT 

Vcc 



Decoupling capacitor on Vqq should be 0.01 iiF ceramic 

Figure 5 


TYPICAL APPLICATIONS 


However, the average power dissipation will 
be considerably less than this. Assuming 5 
segments are on (the average for all output 
code combinations), then 

Pd av = 5.0 X 30 + 3.00 X 5 X 25 mW 
= 525 mW 

Operating temperature range limitations can 
be deduced from the power dissipation 
graph in figure 9. 

However, a major portion of this power dissi¬ 
pation (P(j niax) Is because the current 
source output is operating with 3.25 V 
across it. In practice, the outputs operate 
satisfactorily down to 0.5V, and so the extra 
voltage may be dropped external to the inte¬ 
grated circuit. 


Suppose the worst case Vcc/Vs supply is 
4.75 to 5.26V, and that the maximum Vg for 
the LEO display is 2.25V. Only 2.75V is re¬ 
quired to keep the display active, and hence 
2.0V may be dropped externally with a resis¬ 
tor from Vcc Vs- The value of this resis¬ 
tor is calculated by: 

Rg «-2^0- ^ ion W rating) 

7 X Igeg 

assuming worst case Igeg of 30 mA 
Hence now max = Vcc *00 + (Vs -Vy- 
RxX7Xl8eg)X7XXl8eg 
XKdc 

= 5.25X50-1- 1.25X7 X 30 
mW 

= 525 mW 

and av = 5.0 X 30 + 1.25 X 5 X 25 
= 306 mW 


If a diode (or 2) is used to reduce voltage to 
the display, then the voltage appearing 
across the display driver will be indepen¬ 
dent of the number of “ON” segments and 
will be equal to 

Vs - Vp - nVd , Vd = 1. 0.8V 

Where n is the number of diodes used, pow¬ 
er dissipation can be calculated in a similiar 
manner. 

In a multiplexed display system, the voltage 
drop across the digit driver must also be 
considered in computing device power dissi¬ 
pation. it may even be an advantage to use a 
digit driver which drops an appreciable volt¬ 
age, rather than the saturating PNP transis¬ 
tors shown in figure 8 . For example a dar- 
lington PNP or NPN emitter follower may be 
preferable. Figure 7 shows the NE591 as 
the digit driver in a multiplexed display sys¬ 
tem. The NE591 output drops about 1.8V 
which means that the power dissipation is 
evenly distributed between the two integrat¬ 
ed circuits. 

Where Vs and Vcc ®''® *wo different sup¬ 
plies, the Vs supply may be optimized for 
minimum system power dissipation and/or 
cost. Clearly, good regulation in the Vs sup¬ 
ply is totally unnecessary, and so this supply 
can be made much cheaper than the regu¬ 
lated 5V supply used in the rest of the sys¬ 
tem. in fact a simple unsmoothed full-wave 
rectified sine wave works extremely well if a 
slight loss in brightness can be tolerated. A 
transformer voltage of about 3-4.5V rms 
works well in most LED display systems. 
Waveforms are shown below: 


Vs 

<SEG 

AAA 

j~vru~\ 



The duty cycle for this system depends upon 
Vs, Vp and the output characteristics of the 
display driver. 

With 

Vs = 4.9V pk. 

Vp = 2.0V 

The duty cycle is approximately 60%. 
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TYPICAL APPLICATIONS (Cont d) 


4-DIGIT DISPLAY WITH BRIGHTNESS CONTROL 
AND LEADING EDGE RIPPLE BLANKING 



C = .01mF 

Figure 6 


JTJL 


NE589 


INTERFACING 8-DIGIT LED DISPLAY WITH nP BUS 
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TYPICAL APPLICATIONS (Cont d) 


4-DIGIT MULTIPLEXED LED DISPLAY 



Figure 8 
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VACUUM FLUORESCENT DISPLAY DRIVER 


NE/SA594 


DESCRIPTION 

The NE/SA594 is a display driver interface 
for vacuum fluorescent displays. The device 
is comprised of 8 drivers and a bias network 
and is capable of driving the digits and/or 
segments of most vacuum fluorescent 
displays. 

The inputs are designed to be compatible 
with TTL, DTL, NMOS, PMOS or CMOS out¬ 
put circuitry. 

There is an active pull-down circuit on each 
output so that display ghosting is minimized 
and no external components are required for 
most fluorescent display applications. 


FEATURES 

• Digit and/or segment drivers 

• Active output puii-down circuitry 

• High output breakdown voitage 

• Low suppiy voitage 

• input compatibie with ali logic outputs 


PIN CONFIGURATION 


N, F PACKAGE 

IN 1 [T 


'Tsl OUT 1 

1N2 [T 


TTl OUT 2 

IN 3 [T 


Tsl OUT 3 

IN4 rr 


"Tsl OUT 4 

INS ir" 


"u| OUTS 

INS [T 


m 

IN7 [T 


Til OUT 7 

INS [F 


Til OUTS 

GND [T 


To] v+ 


TOP VIEW 


ORDER NUMBERS 

NE/SA594N NE/SA594F 


ABSOLUTE MAXIMUM RATINGS (at 25'’C unless otherwise noted) 


PARAMETER 

RATING 

UNIT 

Vcc 

Supply voltage 

45 

V 

VqUT 

Output voltage 

Vcc 


V|N 

Input voltage 

-0.3, +20 

V 

•out 

Output current 

Each output 

50 

mA 


All outputs 

200 

mA 

Pd 

Power dissipation* 

(at 25 ®C) 

800 

mW 

Ta 

Operating temperature range 

NE 

Oto 70 

“C 


SA 

-40 to +85 


TsTG 

Storage temperature range 

-65 to +150 

“C 

Tj 

Maximum junction temperature 

150 


TSOLD 

Lead soldering temperature 
(10 seconds) 

300 

‘’C 


NOTE 


* Derate N (Plastic) Package above SS^C at 7.14 mW/^C. 
Derate F (Ceramic) Package above 75*‘C at 10.8 mW/^C. 
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VACUUM FLUORESCENT DISPLAY DRIVER 


NE/SA594 


DC ELECTRICAL CHARACTERISTICS Vcc = +4.75 to +40V. Ta (NE) = O to lO^C, Ta (SA) = -40 to +85‘’C unless otherwise 

stated. 


84594 

PARAMETER 

TEST CONDITIONS 


UNIT 

Min 

Typ 

Max 

Vcc 

Supply voltage range 


4.75 

35 

40 

V 

'CCH 

Supply current (all outputs high) 

Vcc = 40V 

V|N = 3.5V 


3 

6 

mA 

'CCL 

Supply current (all outputs low) 

Vcc = 40V 

V|N = 0.4V 


0.4 

1 

mA 

V|N 

Input voltage range 



0 


15 

V 

V|H 

Input voltage to ensure logic ‘1’ 



2.6 



V 

V|L 

Input voltage to ensure logic ‘0’ 





0.8 

V 

■IH 

Input current to ensure logic *1’ 



100 



mA 

l|L 

Input current to ensure logic 'O’ 





10 


l|N 

Input current 

V|N = 

2.6V 


60 

130 

mA 



V|N = 

5.0V 


180 

330 

mA 



V|N = 

15.0V 


.68 

1.3 

mA 

Vqh 

Output high voltage 

V|N = 3.5V 

Ta = 25®C 

< 

o 

o 

bi 

Vcc-1.1 


V 



•out = -25mA 

Over Temp. 

Vcc -2 

00 

T 

O 

O 

> 


V 



VOUT with respect to Vcc 





Vqh 

Output high, no load voltage 

V|N = 

3.5V 







•out = 0, Ta=25°C 

VcC“1 

Vcc-0-8 


V 



VoUT with respect to Vcc 





Vqff 

Output 'OFF' voltage level 

V|N = 

0.8V 


10 

200 

mV 



•out = 0 





•oh 

Available output current 

Vcc = 35V 

V|N = 3.5V 

-35 



mA 


1 

VoUT == 30V 







1 

Ta = 25®c 






•out 

Output pulldown current 

Vcc = VoUT = 35V 

100 

200 

400 

mA 



Inputs open 





•CEX 

Output leakage current 

Ta = 25®C 

V|N = 0.4V 


-1 


mA 



Vcc = 40V. 

VoUT = OV 


-1 




AC ELECTRICAL CHARACTERISTICS1 Vcc = 35V, Ta = zs-C 


PARAMETER 

TEST CONDITIONS 

NE/SA594 

UNIT 

Min 

Typ 

Max 

tPdLH 

Propagation delay - low to high 







output transition. 

50% V||yj to 50% Vouj 


1 

5 

ns 

tPdHL 

Propagation delay • high to low 







output transition. 

50% V||s| to 50% VquT 


3 

10 

nS 

♦r 

Output rise time 

10 % VquT 33% VquT 


0.5 

3 

mS 

tF 

Output fall time 

90% VquT 10% VquT 


1.5 

5 

mS 


NOTE 

1. See figure 1 
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VACUUM FLUORESCENT DISPLAY DRIVER 


NE/SA594 


SWITCHING TIMES OF DRIVERS 
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TYPICAL APPLICATION 
DIGITAL CLOCK WITH ALARM 



VACUUM FLUORESCENT DISPLAY DRIVER NE/SA594 
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A/D AND D/A CONVERTERS-SYMBOLS AND DEFINITIONS 


Ta 

Ambient temperature range. Range of the surrounding environment 
of the operating device. 

Tj 

Junction Temperature. The maximum temperature of the device. 
150®C is standard for silicon devices. 

TSTG 

storage temperature range. Temperature range that the device can 
be stored in a non-operating condition. 

TsOLD 

Soldering Temperature. The temperature which can be applied to 
the lead frame of the device for short periods of time (normally 
specified for a duration of 10 sec). 

Truth Tables 

0 is logic level low 
1 is logic level high 

X - don’t care condition - has no effect under circuit conditions 
listed. 

Absolute Maximum Rating 

Operating safe zones exceeding these limits could cause perma¬ 
nent damage to the device and are not meant to imply that devices 
can operate at these limits. 

Power Dissipation 

The power that the device can safely handle at 25®C. The dissipa¬ 
tion must be derated as indicated for the individual package type. 

Package Type Designation 

See full package designations in Appendix. 

Vcc (-Vcc) 

Supply Voltage. The range of power supply voltage over which the 
device will operate safely. 

Accuracy 

The maximum deviation of the DAC output relative to an ideal 
straight line drawn from zero to full scale. 

Monotonicity 

For a 1 LSB increase of input code, the output of a DAC either in¬ 
creases or remains the same. 

Differentiai Linearity 

The incremental error from an ideal 1 LSB analog output change 
when the digital input is changed 1 LSB; guaranteed monotonicity 
requires the differential linearity error be less than 1 LSB. 

Absolute Accuracy 

Error of a D/A converter output is the difference between the ana¬ 
log output expected and the actual output with a given code ap¬ 
plied. Error of an A/D converter is the difference between the 
theoretical analog output required to produce a given output code 
and the actual input required to produce a given output code and 
the actual input required to produce that same code. The actual 
input is a range and the measured value is the midpoint of the 
measured band and the theoretical midpoint. 

Resolution 

The number of bits on the input or output of an A/D or D/A convert¬ 
er. The number of discrete steps or states is equal to 2" when n is 


the resolution of the converter. However, n bits of resolution does 
not guarantee n bits of accuracy. 

Quantizing Error 

In an A/D converter, there is an infinite number of possible input 
voltages, but only 2" output codes (n = number of bits). Therefore, 
there will be an error as great as 1 / 2LSB because of this quantizing 
effect and the greatest error will occur at the transition voltage 
where the output changes state. 

No Missing Codes 

This is a property of an A/D converter that is related to, but is more 
stringent than monotonicity. If a converter is guaranteed to have no 
missing codes, there will be no output digital state that will be 
skipped when the input voltage is varied over the entire range. 

Most Significant Bit (MSB) 

The highest-order bit or the bit with the greatest weight. 

Least Significant Bit (LSB) 

The lowest-order bit or the bit with the least weight. 

Gain Error 

The error in the input-to-output ratio, usually expressed in percent 
of full scale range. 

Offset Error 

This is an error in the reference point of the transfer function. It 
appears as a constant amplitude error signal at a DAC output or an 
ADC input. It also appears as a constant frequency shift in the 
output of a V/F converter. It is nulled prior to adjusting gain error by 
setting the input to the most-negative input and adjusting the output 
to the proper value. 

Settling Time 

The time delay in a D/A converter between a change of input digital 
code and the effected change in the output signal. It is usually 
expressed In terms of how long it takes the output to settle to, and 
remain within, a certain error band around the final value and is usu¬ 
ally specified for full-scale range changes. 

Conversion Time 

Time required for a complete conversion cycle of an A/D converter. 
Conversion time Is a function of the number of bits (resolution) and 
the clock frequency. 

Full Scale Tempco 

The change in DAC full scale current or voltage with change in 
temperature expressed in ppm/“C. 

Differential Non-Linearity Tempco 

The non-linearity specification over a specified range of tempera¬ 
tures. This specification generally appears as the range of tem¬ 
peratures that the device is monotonic (DAC) or has no missing 
codes (ADC). 

Leakage Current 

In a current output D/A converter, there is a digital input code that 
ideally yields zero output current. If current flows with that input 
code, it is called leakage current. It is analogous to output voltage 
offset in a voltage-output D/A converter. 

Power Supply Sensitivity 

The change in DAC output current or voltage with changes in power 
supply voltage. 
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A/D AND D/A CONVERTERS-SYMBOLS AND DEFINITIONS 


Output Voltage Compliance Compliance Voltage Range 

The range of allowable voltage levels at the output of a D/A con- For a current output DAC, the maximum range of voltage for which 
verter that does not degrade accuracy. the current source will maintain its specified values. 

NOTE 

Refer to Section 5 (Interface Circuits) of the 1979 Analog Applications Manual for an in- 
depth explanation of Converters and their applications 

SE/NE 5018 DAC 
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER DAC-08 SERIES 


FORMERLY: NE5007/5008-F,N 
SE5008-F 


DESCRIPTION 

The DAC-08 series of 8-bit monolithic 
multiplying Digital-to-Analog Converters 
provide very high speed performance cou¬ 
pled with low cost and outstanding applica¬ 
tions flexibility. 

Advanced circuit design achieves 85ns set¬ 
tling times with very low glitch and at low 
power consumption. Monotonic multiply¬ 
ing performance is attained over a wide 20 
to 1 reference current range. Matching to 
within 1 LSB between reference and full 
scale currents eliminates the need for full 
scale trimming in most applications. Direct 
interface to all popular logic families with 
full noise immunity is provided by the high 
swing, adjustable threshold logic inputs. 

Dual complementary outputs are provided, 
increasing versatility and enabling differen¬ 
tial operation to effectively double the peak- 
to-peak output swing. True high voltage 
compliance outputs allow direct output vol¬ 
tage conversion and eliminate output op 
amps in many applications. 

All DAC-08 series models guarantee full 
8-bit monotonicity and linearities as tight as 
0.1% over the entire operating temperature 
range are available. Device performance is 
essentially unchanged over the ±4.5V to 
±18V power supply range, with 33mW power 
consumption attainable at ±5V supplies. 

The compact size and low power consump¬ 
tion make the DAC-08 attractive for por¬ 
table and military/aerospace applications. 


ABSOLUTE MAXIMUM RATINGS 


FEATURES 

• Fast settling output current—85ns 

• Full scale current prematched to ±1 LSB 

• Direct interface to TTL, CMOS, ECL, 
HTL, PMOS 

• Relative accuracy to 0.1% maximum over 
temperature range 

• High output compliance -10V to +18V 

• True and complemented outputs 

• Wide range multiplying capability 

• Low FS current drift—±10ppm/°C 

• Wide power supply range—±4.5V to ±18V 

• Low power consumption—33mW at ±5V 


APPLICATIONS 

• 8-bit, 1)us A-to-D converters 

• Servo-motor and pen drivers 

• Waveform generators 

• Audio encoders and attenuators 

• Analog meter drivers 

• Programmable power supplies 

• CRT display drivers 

• High speed modems 

• Other applications where low cost, high 
speed and complete input/output versa¬ 
tility are required 

ORDERING INFORMATION 

RELATIVE 


ACCURACY 

0 to 70®C 

-55 to125®C 

0.39% FS 

DAC-08CN 

DAC-08CF 

DAC-08EN 


0.19% FS 

DAC-08EF 

DAC-08ED 

DAC-08F 

0.1% FS 

DAC-08HF 

DAC-08HC 

DAC-08AF 

Ta = 25“C unless otherwise noted 


PARAMETER 

RATING 

UNIT 

ta 

Operating temperature range 


°C 


DAC-08, DAC-08A 

-55 to +125 



DAC-08C,E 

0 to +70 


tstg 

Storage temperature 

-65 to +150 

oc 

pd 

Power dissipation 

500 

mW 


Lead soldering temperature (60sec) 

300 



V+ to V- supply 

36 

V 


Logic inputs 

V- to V- plus 36V 


vlc 

Logic threshold control 

V- to V+ 



Analog current outputs 

See output current 




or output voltage 




performance curve 


Vi4. Vi5 

Reference inputs 

V- to V+ 


Vi4 to Vi 5 

Reference input differential voltage 

±18 

V 

h4 

Reference input current 

5.0 

mA 


PIN CONFIGURATION 


F,N PACKAGE 



COMP 
VREF- 
VREF + 


ORDER NUMBER 

DAC-08AF SE5009F 

DAC-08F SE5008F 

DAC-08HF,N NE5009F,N 

DAC-08CF,N NE5007F,N 


D PACKAGE 


Vcc [T 


^ AadSB) 

VREFt + ) [T 


H A7 

VreF(-) [T 


E Ae 

COMPEN [T 


jU As 

Vlc [T 


H A4 

lo IX 


HI a3 

Vee CE 


^ A2 

lo nx 


XI Ai(MSB) 


TOP VIEW 
ORDER NUMBER 

DAC-08ED 
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER 


DAC-08 SERIES 


ELECTRICAL CHARACTERISTICS Pin 3 must be at least 3V more negative than the potential to which is returned. 

Vcc= ± 15V, If,ef = 2.0mA, Output characteristics refer to both lOUT and lOUT unless 
otherwise noted. DAC-08C, E, H: Ta = 0"C to 70 “C. DAC-08/08A: Ta= -55“C to 125“C. 


DAC08C 



PARAMETER TEST CONDITIONS 


Resolution 

Monotonicity* 


Relative accuracy Over temperature range 




DAC-08E 

DAC-08 


Typ Max 


8 8 
8 8 


8 8 
8 8 


Differential nonlinearity 


Settling time 


To±1/2 LSB, all bits 
switched on or off, 1^ = 0®C 




Propagation delay 
Low-to-high 
High-to-low 


TCIp 3 I Full scale tempco 


V 



70 

135 

35 

60 





Ip 3 j:{ Full scale output 
current range 


Logic input levels 
Low 
High 


Logic input current 
Low 
High 


Logic input swing 


Vjpip Logic threshold 
range 


Reference bias 
current 


Reference input 
slew rate 


Power supply 
sensitivity 
Positive 

Negative 


Powersupply current 
Positive 



Full scale current change 
<72 LSB 


Full scale current Vref=10 000V, 

Ri 4, Ri5-5.000kri, 


Full scale 
symmetry 


Zero scale current 







1201 


Ha 

HQI 

-10 


+13.5 

-10 


+13.5 

-10 


-1.0 

-3.0 


-1.0 

-3.0 


4.0 

8.0 


4.0 

8.0 


4.0 


+13.5 V 


1.0 -3.0 ^A 



V3=±5V, IREF=1.0mA 


V3=+5V, -15V, lFiEp=2.0mA 



Negative 


Positive 

Negative 


Positive 

Negative 


Power dissipation ±5V, I reF=1 


+5V, -15V, I 
±15V. Ippc= 


^v, iRpp-^.t 

REF=2.0mA 



NOTE •NE5007 must have a minimum reference current of .S^A. 
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER 


DAC-08 SERIES 


TYPICAL PERFORMANCE CHARACTERISTICS 
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER 


DAC-08 SERIES 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


REFERENCE AMP COMMON 
MODE RANGE 

_ ALL BITS ON _ 

I \ I I T*'=T 'toT' I 


4.1— 

•ref = 


III 


-14 -10 -6 -4 -Z 0 2 4 6 8 101214 16 18 

•V,j, REFERENCE COMMON MODE VOLTAGE (V) 
jsitive common mode range is always (V+) - 1.5V 


LOGIC INPUT CURRENT vs 
INPUT VOLTAGE 



Hi 


LOGIC INPUT VOLTAGE (V) 


Vth - Vlc vs temperature 



TEMPERATURE (°C) 


OUTPUT VOLTAGE COMPLIANCE 
vs TEMPERATURE 


BIT TRANSFER CHARACTERISTICS 


POWER SUPPLY CURRENT vs V+ 


II 

II 

II 

II 

■I 


SHAOee Aft«A »MEMCAm 

■ $*4 CsMwn* ' 

y)|0u(MV0tta9»' i 


■I 

11 

il 

11 

■I 


TEMPERATURE (°C) 



through Bg have identical transfer characteristics. 
Bits are fully switched, with less than 1/2 LSB error, at 
less than ±100mV from actual threshold. These switch¬ 
ing points are guaranteed to lie between 0.8 and 2.0 
volts over the operating temperature range (VLC = 
O.OV). 


0 2.0 4.0 6.0 8.0 10 12 14 16 18 

V+, POSITIVE POWER SUPPLY (Vdc) 


POWER SUPPLY CURRENT vs V> 


POWER SUPPLY CURRENT 
vs TEMPERATURE 


TYPICAL APPLICATION 




■ 

a^m 


■ 

■■■ 
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER 


DAC-08 SERIES 
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER 


DAC-08 SERIES 




BASIC BIPOLAR OUTPUT OPERATION (OFFSET BINARY) 





o.oov 




i 

^ lOkn 


*R =2mA 


\ 

_J : 

^ lOkll 





► 



DAC08 \ 1 

> VOUT 




^ I 





J 

) 

VOUT 


CODE CHART 






®1 ®2 ®3 ®4 ®5 ®6 ®7 ®8 

VOUT 


POS full scale 


11111111 

- 9.920V 

+10.000 

POS f.s. - 1LSB 


11111110 

- 9.840V 

+ 9.920 

+ Zero scale + 1LSB 

1 0 0 0 0 0 0 1 

- 0.080V 

+0.160 

Zero scale 


1 0 0 0 0 0 0 0 

0.000 

+0.080 

Zero scale - 1LSB 


0 1111111 

0.080 

0.000 

Neg full scale - 1LSB 

0 0 0 0 0 0 0 1 

+ 9.920 

-9.840 

Neg full scale 


00000000 

+10.000 

-9.920 
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3 DIGIT BCD CONVERTER 

A 3 digit BCD converter, using inexpensive 
8-bit binary DACs, can achieve ±0.1% accu¬ 
racy. The circuit shown in Figure 20 utilizes 
three DACs, one for each decade, to provide 
0 to 999 output steps. DAC 1 contains the 
first four significant digits controlling the 
hundreds digit; DAC 2 controls the tens 
digit and DAC 3 steps 0 to 9. The feedback 
resistor (R?) sets the zero scale at O.OOV. 

The input coding is the popular 8-4-2-1 
coding; i.e. the weighting ratios are 8, 4, 2 
and 1. The full scale (999) BCD code is input 
code 100110011001. 

Full scale adjustment procedure. 

In the sequence below, switch on the follow¬ 
ing code combinations and adjust the indi¬ 
cated potentiometer for the proper output. 
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8-BIT MULTIPLYING D/A CONVERTER MCI 508-8/1408-8/1408-7 


DESCRIPTION 

The MCI 508/MCI 408 series of 8-bit mono¬ 
lithic digital-to-analog converters provide 
high speed performance with low cost. They 
are designed for use where the output cur¬ 
rent is a linear product of an 8-bit digital 
word and an analog reference voltage. 

FEATURES 

• Fast settling time—70ns (typ) 

• Relative accuracy ±0.19% (max error) 

• Non-inverting digital inputs are TTL and 
CMOS compatible 

• High speed multiplying rate 4.0mA//us 
(input slew) 

• Output voltage swing +.5V to -5.0V 

• Standard supply voltages + 5.0V and 
-5.0V to -15V 

• Military qualifications pending 

APPLICATIONS 

• Tracking A-to-D converters 

• 2y2-digit panel meters and DVM’s 

• Waveform synthesis 

• Sample and hold 

• Peak detector 

• Programmable gain and attenuation 

• CRT character generation 

• Audio digitizing and decoding 

• Programmable power supplies 

• Analog-digital multiplication 

• Digital-digital multiplication 

• Analog-digital division 

• Digital addition and subtraction 

• Speech compression and expansion 

• Stepping motor drive 


CIRCUIT DESCRIPTION 

The MC1508/MC1408 consists of a refer¬ 
ence current amplifier, and R-2R ladder, 
and 8 high speed current switches. For 
many applications, only a reference resistor 
and reference voltage need be added. 

The switches are non-inverting in opera¬ 
tion; therefore, a high state on the input 
turns on the specified output current com¬ 
ponent. 

The switch uses current steering for high 
speed, and a termination amplifier consist¬ 
ing of an active load gain stage with unity 
gain feedback. The termination amplifier 
holds the parasitic capacitance of the ladder 
at a constant voltage during switching, and 
provides a low impedance termination of 
equal voltage for all legs of the ladder. 

The R-2R ladder divides the reference am¬ 
plifier current into binarilv-related compo- 
nenis, wnicn are tea lo me switches. Note 
that there is always a remainder current 
which is equal to the least significant bit. 
This current is shunted to ground, and the 
maximum output current Is 255/256 of the 
reference amplifier current, or 1.992mA for 
a 2.0mA reference amplifier current if the 
NPN current source pair is perfectly 
matched. 


PiN CONFIGURATION 

I F,N PACKAGE 

'tsI compen 

Isl VREF (-) 
ITI Vref (+) 

m VCC 

Aa (USB) 

Til A; 

TTl Aa 

Tl Aa 

TOP VIEW 

ORDER NUMBERS 

MC1508-8F MC1408-7N 

MC1408-7F 



D PACKAGE 

Vcc [T 


Xj AfliLSB) 

Vref(+) IX 


m A 7 

VreF(_) IX 


ni Ae 

COMPEN [T 


Xl As 

NC [T 


XI A 4 

GND [T 


III A 3 

Vee IX 


13 ^2 

lo IX 


XI Ai(MSB) 


TOP VIEW 



ORDER NUMBER 


MC1408-8 D 


NC [T 

GND [T 

Vee IX 
'o IX 

(MSB) A, [X 

Aj IX 
A3[T 
A4IX 


ABSOLUTE MAXIMUM RATNGS Ta = +25®C unless otherwise specified 


PARAMETER 

RATING 

UNIT 

Vcc 

Power supply voltage 



Vee 

Positive 

+5.5 


V 5 -V 12 

Negative 

-16.5 


Vo 

Digital input voltage 

+5.5, 0 

V 

Il4 

Applied output voltage 

+0.5, -5.2 

V 

Vl4,Vl5 

Reference current 

5.0 

mA 


Reference amplifier inputs 

Vcc, Vee 

V 

Pd 

Power dissipation (package limitation) 


mW 


Ceramic package 

1000 



Plastic package 

800 


Ta 

Operating temperature range 


®C 


MCI 508 

-55 to +125 



MCI 408 

0 to +75 


Tstg 

Storage temperature range 

-65 to +70 

®C 


BLOCK DIAGRAM 
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Pin 3 must be 3V more negative than the potential to which R 15 is returned. 
DC ELECTRICAL CHARACTERISTICS1 Vcc = +5.0Vdc, Vee = -i5Vdc. ^ = 2 , 0 mA 

iinlocc rtthor\ik/ico ■'14 


unless Otherwise specified. 

MC1508: Ta =-55®C to 125®C. MC1408; Ta= O^C to75-0 


PARAMETER 






TCIo Output full scale 
current drift 


Digital input 
logic level (MSB) 
ViH High 

ViL Low 

Figure 5 

Digital input 
current (MSB) 
liH High 

liL Low 

Figure 5 

ViH = 5.0V 

ViL = 0.8V 


Output current 
range 



11-14 


Signetics 

































































ANALOG DIVISION 


MARCH 1982 
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TYPICAL PERFORMANCE 
CHARACTERISTICS 



D-to-A TRANSFER CHARACTERISTICS 


< 

E 

~ 0 
z 

cc 

oc 

D 
































a 

13 

0 

'”2,0 





























1 _ 


(00000000) IMPUT DIGITAL WORD (11111111) 


FUNCTIONAL DESCRIPTION 

Reference Amplifier Drive 
and Compensation 

The reference amplifier provides a voltage 
at pin 14 for converting the reference volt¬ 
age to a current, and aturn-around circuit or 
current mirror for feeding the ladder. The 
reference amplifier input current (I 14 ) must 
always flow into pin 14 regardless of the 
setup method or reference voltage polarity. 

Connections for a positive reference volt¬ 
age are shown in Figure 1. The reference 
voltage source supplies the full current I 14 . 
For bipolar reference signals, as in the mul¬ 
tiplying mode, Ri 5 can be tied to a negative 
voltage corresponding to the minimum in¬ 
put level. It is possible to eliminate R 15 with 
only a small sacrifice in accuracy and 
temperature drift. 

The compensation capacitor value must be 
increased with increases in R 14 to maintain 
proper phase margin; for R 14 values of 1.0, 
2.5 and S.OkH, minimum capacitor values 
are 15, 37, and 75pF. The capacitor may be 
tied to either Vee or ground, but using Vee 
increases negative supply rejection. 

A negative reference voltage may be used if 
Ri 4 is grounded and the reference voltage is 
applied to R 15 as shown in Figure 2. A high 
input impedance is the main advantage of 
this method. Compensation involves a ca¬ 
pacitor to Vee on pin 16, using the values of 
the previous paragraph. The negative refer¬ 
ence voltage must be at least 3.0V above the 
Vee supply. Bipolar input signals may be 
handled by connecting R 14 to a positive 
reference voltage equal to the peak positive 
input level at pin 15. 

When a dc reference voltage is used, capac¬ 
itive bypass to ground is recommended. 
The 5.0V logic supply is not recommended 
as a reference voltage. If a well regulated 
5.0V supply which drives logic is to be used 
as the reference, R 14 should be decoupled 


by connecting it to +5.0V through another 
resistor and bypassing the junction of the 2 
resistors with O.VF to ground. For refer¬ 
ence voltages greater than 5.0V, a clamp 
diode is recommended between pin 14 and 
ground. 

If pin 14 is driven by a high inpedance such 
as a transistor current source, none of the 
above compensation methods apply and 
the amplifier must be heavily compensated, 
decreasing the overall bandwidth. 

Output Voltage Range 

The voltage on pin 4 is restricted to a range 
of -0.55 to +0.5V at +25°C, due to the cur¬ 
rent switching methods employed in the 
MCI 508/MCI 408. When a current switch is 
turned off, the positive voltage on the output 
terminal can turn on the output diode and 
increase the output current level. When a 
current switch is turned on, the negative 
output voltage range is restricted. The base 
of the termination circuit Darlington transis¬ 
tor is 1 diode voltage below ground when 
pin 1 is grounded, so a negative voltage 
below ground when pin 1 is grounded, so a 
negative voltage below the specified safe 
level will drive the low current device of the 
Darlington into saturation, decreasing the 
output current level. 

The negative output voltage compliance of 
the MCI 508/MCI 408 may be extended to 
-5.0V by opening the circuit at pin 1. The 
negative supply voltage must be more neg¬ 
ative than -10V. Using a full scale current of 
1.992mA and load resistor of 2.5kn be¬ 
tween pin 4 and ground will yield a voltage 
output of 256 levels between 0 and -4.980V. 
Floating pin 1 does not affect the converter 
speed or power dissipation. However, the 
value of the load resistor determines the 
switching time due to increased voltage 
swing. Values of Rl up to 5000 do not 
significantly affect performance, but 2.5kn 
load increases worst case settling time to 
1.2/iS (when all bits are switched on). Refer 
to the subsequent text section on settling 
time for more details on output loading. 

If a power supply value between -5.0V and 
-10V is desired, a voltage of between 0 and 
-5.0V may be applied to pin 1. The value of 
this voltage will be the maximum allowable 
negative output swing. 

Output Current Range 

The output current maximum rating of 
4.2mA may be used only for negative supply 
voltages more negative than -7.0V, due to 
the increased voltage drop across the resis¬ 
tors in the reference current amplifier. 

Accuracy 

Absolute accuracy is the measure of each 


output current level with respect to its in¬ 
tended value, and is dependent upon rela¬ 
tive accuracy and full scale current drift. 
Relative accuracy is the measure of each 
output current level as a fraction of the full 
scale current. The relative accuracy of the 
MCI 508/MCI 408 is essentially constant 
with temperature due to the excellent 
temperature tracking of the monolithic re¬ 
sistor ladder. The reference current may 
drift with temperature, causing a change in 
the absolute accuracy of output current. 
However, the MCI 508/MCI 408 has a very 
low full scale current drift with temperature. 

The MCI 508/±MC1408 series is guaranteed 
accurate to within ± 1/2 LSB at +25° C at a full 
scale output current of 1.992mA. This corre¬ 
sponds to a reference amplifier output cur¬ 
rent drive to the ladder network of 2.0mA, 
with the loss of 1 LSB = 8.0//A which is the 
ladder remainder shunted to ground. The 
input current to pin 14 has a guaranteed 
value of between 1.9 and 2.1mA, allowing 
some mismatch in the NPN current source 
pair. The accuracy test circuit is shown in 
Figure 3. The 12-bit converter is calibrated 
for a full scale output current of 1.992mA. 
This is an optional step since the 
MC1508/MC1408 accuracy is essentially 
the same between 1.5 and 2.5mA. Then the 
MC1508/MC1408 circuits’ full scale current 
is trimmed to the same value with R14 so 
that a zero value appears at the error ampli¬ 
fier output. The counter is activated and the 
error band may be displayed on an oscillo¬ 
scope, detected by comparators, or stored 
in a peak detector. 

Two 8-bit D-to-A converters may not be 
used to construct a 16-bit accurate D-to-A 
converter. Sixteen-bit accuracy implies a 
total error ± 1/2 of 1 part in 65,536, or 
±0.00076%, which is much more accurate 
than the ±0.19% specification provided by 
the MCI 508/MCI 408. 

Multiplying Accuracy 

The MCI 508/MCI 408 may be used in the 
multiplying mode with 8-bit accuracy when 
the reference current is varied over a range 
of 256:1. The major source of error is the 
bias current of the termination amplifier. 
Under worst case conditions, these 8 ampli¬ 
fiers can contribute a total of ^.^fxA extra 
current at the output terminal. If the refer¬ 
ence current in the multiplying mode ranges 
from 16/xA to 4.0mA, the 1.6)uA contributes 
an error of 0.1 LSB. This is well within 8-bit 
accuracy. 

A monotonic converter is one which sup¬ 
plies an increase in current for each incre¬ 
ment in the binary word. Typically, the 
MC1508/MC1408 is monotonic for all val¬ 
ues of reference current above 0.5mA. The 
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recommended range for operation with a dc 
reference current is 0.5 to 4.0mA. 

Settling Time 

The worst case switching condition occurs 
when all bits are switched on, which corre¬ 
sponds to a low-to-high transition for all 
bits. This time is typically 70ns for settling 
to within ± 1/2 LSB for 8-bit accuracy and 
200ns to 1/2 LSB for 7-bit accuracy. The 
turnoff is typically under 100ns. These times 
apply when Rl < 50012 and C© ^ 25pF. 


The slowest single switch is the least signifi¬ 
cant bit, which turns on and settles in 65ns 
and truns off in 80ns. In applications where 
the D-to-A converter functions in a positive 
going ramp mode, the worst case switching 
condition does not occur, and a settling 
time of less than 70ns may be realized. Bit 
A7 turns on in 50ns and off in 35ns, while 
bit A6 turns on In 60ns and off in 80ns. 

The test circuit of Figure 4 requires a smaller 
voltage swing for the current switches due 


to Internal voltage clamping in 
MCI 508/MCI 408. A I.OkH load resistor 
from pin 4 to ground gives a typical settling 
time of 400ns. Thus, it Is voltage swing and 
not the output Rc time constant that deter¬ 
mines settling time for most applications. 
Extra care must be taken in board layout 
since this is usually the dominant factor in 
satisfactory test results when measuring 
settling time. Short leads, lOOjuF supply 
bypassing for low frequencies, and mini¬ 
mum scope lead length are all mandatory. 


TEST CIRCUITS 
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RELATIVE ACCURACY 


12-BIT 
D-tO-A 
CONVERTER 
(±0.02% 
ERROR MAX) 




Figure 3 



TRANSIENT RESPONSE AND SETTLING TIME 




Figure 4 
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TEST CIRCUITS (Cont d) 


NOTATION DEFINITIONS 


Typical Values R,4 = R,;, - Ik 



2 4 8 16 32 


Figure 5 
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DESCRIPTION 

The NE5018 is a complete 8-bit digital to 
analog converter subsystem on one mono¬ 
lithic chip. The data inputs have input 
latches, controlled by a latch enable pin. 
The data and latch enable inputs are ultra- 
low loading for easy interfacing with all logic 
systems. The latches appear transparent 
when the LE Input is in the low state. When 
LE goes high, the input data present at the 
mom^t of transition is latched and retained 
until LE again goes low. This feature allows 
easy compatibility with most micro-proces¬ 
sors. 

The chip also comprises a stable voltage 
reference (5V nominal) and a high slew rate 
buffer amplifier. The voltage reference may 
be externally trimmed with a potentiometer 
for easy adjustment of full scale, while main¬ 
taining a low temperature co-efficient. 

The output of the buffer amplifier may be 
offset so as to provide bipolar as well as 
unipolar operation. 


FEATURES 

• 8>bit resolution 

• Input latches 

• Low-loading data inputs 

• On-chip voltage reference 

• Output buffer amplifier 

• Accurate to ±1/2 LSB (.19%) 

• Monotonic to 8 bits 

• Amplifier and reference both short- 
circuit protected 

• Compatible with 8085, 6800 and many 
other mP’s 

APPLICATIONS 

• Precision 8-bit D/A converters 

• A/D converters 

• Programmable power supplies 

• Test equipment 

• Measuring instruments 

• Analog-digital multiplication 


PIN CONFIGURATION 


F,N PACKAGE 

DIGITAL GND [T 


ANALOG GND 

DBO (LSB) [T 


TTI AMP. COMP. 

DB1 {T 


20l SUM NODE 

DB2 [T 


H] Vcc + 

DB3 [T 


m vqut 

DB4 [T 


]I] Vcc- 

DBS [T 


DAC COMP. 

DB6 [F 


iFI BIPOLAR OFFSET R 

DB7 (MSB) [F 


Ill Vref in 

LE [IF 


13] Vref out 

NC QT 


m Vref adj. 


TOP VIEW 


ORDER NUMBERS 

NE/SE5018F,N 


BLOCK DIAGRAM 


iV 

(10) (9) (8) (7) (6) (5) (4) (3) (2) DIGITAL 

LE DB7 086 DBS OB4 DBS OB2 OBI DBO GND 



(17) 


All R values equal 5Kfi and are thermally matched. Figure 1 
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ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Vcc+ 

Positive supply voltage 

18 

V 

Vcc- 

Negative supply voltage 

-18 

V 

V|N 

Logic input voltage 

Oto 18 

V 

VrefIN 

Voltage at Vref input 

12 

V 

VrefADJ 

Voltage at Vref adjust 

0 to Vref 

V 

VSUM 

Voltage at sum node 

12 

V 

•refsc 

Short-circuit current 




to ground at Vref OUT 

Continuous 


•OUTSC 

Short-circuit current to ground 




or either supply at VquT 

Continuous 


pd 

Power dissipation* 




-N package 

800 

mW 


-F package 

1000 

mW 

ta 

Operating temperature range 




SE5018 

-55 to+125 

®C 


NE6018 

0 to +70 

“C 

tstg 

Storage temperature range 

-65 to +150 

‘’C 

tsold 

Lead soldering temperature 




(10 seconds) 

300 

®C 


•NOTES 

For N package, derate at 120°C/W above 35”C 
For F package, derate at 76®C/W above 75®C 


DC ELECTRICAL CHARACTERISTICS Vcc+ = +15V, Vcc- = “15V, SE50i8. ~55®c < Ta 125®C. 

NE6018. 0®C < Ta 70®C unless otherwise specified? 

Typical values are specified at25°C 



PARAMETER 

TEST CONDITIONS 


NE5018 

■11 


Min 








mi 


Resolution 


8 

8 

8 

8 

8 

8 

Bits 


Monotonicity 


8 

8 

8 

8 

8 

8 

Bits 


Relative accuracy 




±0.19 



±0.19 

%FS 

vcc-i- 

Positive supply voltage 


11.4 

15 


11.4 

15 


V 

Vcc“ 

Negative supply voltage 


-11.4 

-15 


-11.4 

-15 


V 

V|N(1) 

Logic “ 1 ” input voltage 

Pin 1 = OV 

2.0 



2.0 



V 

V|N(0) 

Logic “0” input voltage 

Pin 1 = OV 



0.8 



0.8 

V 

l|N(1) 

Logic "1" input current 

Pin 1 = OV. 2 V<V|n<18V 








l|N(0) 

Logic “0” input current 

Pin 1 * OV, -5V<V|n<0.8V 







IQI 

Vfs 

Full scale output voltage 

Unipolar operation 

9.50 

9.961 

10.50 

9.50 

9.961 

10.50 

V 



Vref in " 5.000V, Ta = 25®C 








VfS 

Full scale output voltage 

Bipolar operation 

4.5 

+4.961 

5.5 

4.5 

+4.961 

5.5 

V 



Vref in = s.ooov, Ta = 25®c 

-5.04 

-5.000 

-4.960 

5.04 

-5.000 

4.960 


Vzs 

Zero scale voltage 

-30 

5 

+30 

-30 

5 

+ 30 

mV 

los 

Output short circuit 

Ta = 25*0 


15 

40 


15 

40 

mA 


current 

VoUT “ OV 








1 PSR+(out) Output power supply 

V- * -15V. 13.5V:<V+:< 16.5V, 


.001 

.01 


.001 

.01 

%fs/ 


rejection (+) 

external Vref IN ” 5 000V 







%vs 

PSR-(out) Output power supply 

V+ = 15V, -13.5V:<V-<-16.5V, 


.001 

.01 


.001 

.01 

%FS/ 


rejection (-) 

external Vref IN ” 5.000V 







%VS 

TCfs 

Full scale temperature 
coefficient 

Vref in ” 5.ooov 


20 



20 


ppm/®C 

TCzs 

Zero scale temperature 
coefficient 



5 



5 


ppm/®C 
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DC ELECTRICAL CHARACTERISTICS (Cont’d) Vcc+ = +15V. Vcc- = -i5V, SE50i8. < Ta < i25‘’C, 

NE5018. 0®C :< Ta :< 70®C unless otherwise specified.^ 
Typical values are specified at 25®C 





SE/50ie 


NE5018 


mm 


PARAMETER 

TEST CONDITIONS 










Typ 

Max 

Min 

Typ 


mu 



Iref 

Reference output current 

Note 8 

||||H 


3 

■■ 




Irefsc 

Reference short circuit 

Ta = 26‘»C 


15 

30 


15 


HjlEI 


current 

Vref out = ov 







mm 

PSR+(ref) 

Reference power supply 

V- = -15V, 13.5V < V+ < 16.5V. 


.003 

.01 


.003 

.01 

%VR/ 

rejection (+) 

IrPP = 1.0mA 







%VS 

(REF) Reference power supply 

V+ = 15V. -13.5V < V- < 16.5V. 


.003 

.01 


.003 

.01 

%VR/ 


rejection (-) 








%VS 

Vref 

Reference voltage 

Iref ~ i.omA 

1 . n A Ta = 25°C 

Iref “ l OmA ^ 

4.9 

5.0 

5.25 

4.9 

5.0 

5.25 

V 

TCref 

Reference voltage 
temperature coefficient 


60 



60 


ppm/®C 

Z|N 

DAC Vrep in input 
impedance 

IrEF= 1.0mA Ta = 25®C 

4.15 

5.0 

5.85 

4.15 

5.0 

5.85 

KQ 

icc+ 

Positive supply current 

Vcc+ = 16V 


7 

14 


7 

14 

mA 

>cc- 

Negative supply current 

Vcc- = -15V 


-10 

-15 


-10 

-15 

mA 

Pd 

Power dissipation 

Iref = 1.0mA. Vqq = ± 15V 


255 

435 


255 

435 

mW 


NOTE 

1. Refer to Figure 2. 


AC ELECTRICAL CHARACTERISTICS ^ Vcc = ± 15V, Ta = 25"c 


PARAMETER 

TO 

FROM 

TEST CONDITIONS 

SE/NE5018 

UNIT 

Min 

Typ 

Max 

Tslh 

Settling time 

± Vi LSB 

Input 

All bits low to high^ 


1.8 


ns 

TsHL 

Settling time 

± Vi LSB 

Input 

All bits high to low^ 


2.3 


fis 

Iplh 

Propagation delay 

Output 

Input 

All bits switched low to high^ 


300 


ns 

IphI 

Propagation delay 

Output 

Input 

All bits switched high to low^ 


150 


ns 

Ipisb 

Propagation delay 

Output 

Input 

1 LSB change3>4 


150 


ns 

Iplh 

Propagation delay 

Output 

LE 

low to high transitions 


300 


ns 

tphi 

Propagation delay 

Output 

LE 

high to low transition® 


150 


ns 

Is 

Set-up time 

LE 

Input 

2, 7 

100 



ns 

th 

Hold time 

Input 

LE 

2, 7 

50 



ns 

Ipw 

Latch enable pulse width 



2, 7 

150 



ns 


NOTES 

2. Refer to Figure 3. 

3. See Figure 6. 

4. See Figure 7. 

5. See Figure 8. 

6. See Figure 9. 

7. See Figure 10. 

8. For reference currents > 3mA, use of an external buffer is required. 
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DC PARAMETRIC TEST CONFIGURATION 

0 Vcc+ 


AC PARAMETRIC TEST CONFIGUTATiON 

9 vcc+ 


14 Vref in 
13 Vref out 


DIG. GND 1 
ANA. GND 22 


DIG. GND 1 I 
ANA. GND 22 I 



FULL/ZERO SCALE ADJUST—UNIPOLAR OUTPUT (0-10V) 


98765432 

19 

10 

DIG. GND 1 

13 Vref OUT 


w 5018 

12 Vref ADJ 

VOUT 18 

DAC 

SUM 20 

COMP. 

AMP 21 

16 17 15 

COMP. 


Figure 4 


SETTLING TIME AND PROPAGATION DELAY, 
LOW TO HIGH DATA 



BIPOLAR OUTPUT OPERATION (-5 to +5V) 


14 Vref IN 
13 Vref OUT 


DIG. GND 1 I 
ANA. GND 22 I 


DAC 

COMP. BIP. OFFSET AMP 21 

16 17 15 COMP. 



X 

C-“ 

Figure 5 


SETTLiNG TIME AND PROPAGATION DELAY 
HIGH TO LOW DATA 


OUTPUT _ 


OUTPUT 

ov 

LE = L 

Figure 6 


LE= L 

Figure 7 
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DESCRIPTION 

The NE5019 is a complete 8-bit digital to 
analog converter subsystem on one mono¬ 
lithic chip. The data inputs have input 
latches, controlled by a latch enable pin. 
The data and latch enable inputs are ultra- 
low loading for easy interfacing with all logic 
systems. The latches appear transparent 
when the LE input is in the low state. When 
LE goes high, the input data present at the 
moment of transition is latched and retained 
until LE again goes low. This feature allows 
easy compatibility with most micro-proces¬ 
sors. 

The chip also comprises a stable voltage 
reference (5V nominal) and a high slew rate 
buffer amplifier. The voltage reference may 
be externally trimmed with a potentiometer 
for easy adjustment of full scale, while main¬ 
taining a low temperature co-efficient. 

The output of the buffer amplifier may be 
offset so as to provide bipolar as well as 
unipolar operation. 


FEATURES 

• 8‘bit resolution 

• Input latches 

• Low-loading data inputs 

• On-chip voltage reference 

• Output buffer amplifier 

• Accurate to ± 1/4LSB(.1%) 

• Monotonic to 8 bits 

• Amplifier and reference both short- 
circuit protected 

• Compatible with 8085, 6800 and many 
other juP’s 

APPLICATIONS 

• Precision 8-bit 0/A converters 

• A/D converters 

• Programmable power supplies 

• Test equipment 

• Measuring instruments 

• Analog-digital multiplication 


PIN CONFIGURATION 



F,N PACKAGE 

DIGITAL GND [T 


22I ANALOG GND 

DBO (LSB) [T 


TT] AMP. COMP. 

DB1 [T 


20 ] SUM NODE 

DB2 [T 


jH VCC + 

DB3 [T 


H]VqUT 

DB4 [T 


ill vcc- 

DBS [T 


]?] DAC COMP. 

DB6 [X 


Tsl BIPOLAR OFFSET R 

DB7 (MSB) [T 


]l] Vref in 

LE [i£ 


Ta] Vref OUT 

NC [tT 


m Vref adj. 


TOP VIEW 


ORDER NUMBERS 

NE5019F SE5019F 

_ 

NE5019N 



BLOCK DIAGRAM 


( 1 ) 

(10) (9) (8) (7) (6) (5) (4) (3) (2) DIGITAL 

LE DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO GND 



(17) 


All R values equal 5Ki2 and are thermally matched. Figure 1 
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ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Vcc+ 

Positive supply voltage 

18 

V 

Vcc- 

Negative supply voltage 

-18 

V 

V|N 

Logic input voltage 

Oto 18 

V 

VrefIN 

Voltage at Vref Input 

12 

V 

VrefADJ 

Voltage at Vref adjust 

0 to Vref 

V 

VSUM 

Voltage at sum node 

12 

V 

•refsc 

Short-circuit current 




to ground at Vref OI-IT 

Continuous 


•OUTSC 

Short-circuit current to ground 




or either supply at VquT 

Continuous 


Pd 

Power dissipation • 




-N package 

800 

mW 


-F package 

1000 

mW 

Ta 

Operating temperature range 




SE6019 

-65 to +126 

"C 


NE5019 

0 to +70 

«c 

TsTG 

Storage temperature range 

-66 to +160 

®C 

Tsold 

Lead soldering temperature 




(10 seconds) 

300 

‘’C 


•NOTES 

For N package, derate at 120*0/W above 35*0 
For F package, derate at 76*0/W above 75*0 


DC ELECTRICAL CHARACTERISTICS Vcc+ = +15V, Vcc- * -15V, SE5019. -55“C < Ta < 125®C, 

NE5019. 0°C :< Ta :<70®C unless otherwise specified.’ 

Typical values are specified at 25°C 



PARAMETER 

TEST CONDITIONS 

SE5019 

NE5019 

UNIT 


Min 

Typ 

Max 

Min 

Typ 

Max 





Resolution 


8 

8 

8 

8 

8 

8 

Bits 


Monotonicity 


8 

8 

8 

8 

8 

8 

Bits 


Relative accuracy 




±0.1 



±0.1 

%FS 

vcc+ 

Positive supply voltage 


11.4 

16 


11.4 

15 


V 

Vcc- 

Negative supply voltage 


-11.4 

-15 


-11.4 

-15 


V 

V|N(1) 

Logic "1" input voltage 

Pin 1 = OV 

2.0 



2.0 



V 

V|N(0) 

Logic “0” input voltage 

Pin 1 = OV 



0.8 



0.8 

V 

hN(i) 

Logic “1" input current 

Pin 1 = OV. 2 V<V|n<18V 


0.1 

10 


0.1 

10 

mA 

•|N(0) 

Logic “0" input current 

Pin 1 = OV. -5 V<V|n<0.8V 


-2.0 

-10 


-2.0 

-10 

/itA 

vfs 

Full scale output voltage 

Unipolar operation 

9.50 

9.961 

10.50 

9.60 

9.961 

10.50 

V 



Vref in = s.ooov. Ta = 25 ‘>c 








vfs 

Full scale output voltage 

Bipolar operation 

4.5 

+4.961 

5.5 

4.5 

+4.961 

5.5 

V 



Vref in = s.ooov. Ta = 25 *'c 

-5.040 

-5.000 

-4.960 

-5.040 

-5.000 

-4.960 


Vzs 

Zero scale voltage 


-30 

5 

+ 30 

-30 

6 

-1-30 

mV 

•os 

Output short circuit 

Ta = 25 *c 


15 

40 


15 

40 

mA 


current 

VoUT = OV 








PSR+(out) Output power supply 

V- = -15V. 13.5V:<V+< 16.5V. 


.001 

.01 


.001 

.01 

%fs/ 


rejection (+) 

external Vref IN “ 5.000V 







%VS 

PSR-(out) Output power supply 

V+ = 15V. -13.5V:<V-:<-16.5V. 


.001 

.01 


.001 

.01 

%FS/ 


rejection (-) 

external Vref in “ 5.000V 







%VS 

tcfs 

Full scale temperature 
coefficient 

Vref in = s.ooov 


20 



20 


ppm/°C 

TCzs 

Zero scale temperature 
coefficient 



5 



5 


ppm/°C 


NOTE 

1. Refer to Figure 2. 
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DC ELECTRICAL CHARACTERISTICS (Cont’d) Vcc+ = +16V. Vcc- = -15V. SE6019. -55®c < Ta < i26‘’C, 

NE5019. O^C :< Ta <70®C unless otherwise specified.^ 

Typical values are specified at 25®C 




TEST CONDITIONS 

SE5019 

NE5019 

UNIT 


1 iWitTii 

Min 

Typ 

Max 

Min 

Typ 

Max 



•ref 

Reference output current 

Note 8 



3 



3 

mA 

•refsc 

Reference short circuit 

Ta = 26^0 


15 

30 


15 

30 

mA 

current 

Vref out = ov 








PSR+ref 

Reference power supply 

V~ = -16V, 13.5V < V+ < 16.5V, 


.003 

.01 


.003 

.01 

%VR/ 


rejection (+) 

IREF = lOniA 







%VS 

PSR-ref 

Reference power supply 

V+ = 16V, -13.5V < V- < 16.5V, 


.003 

.01 


.003 

.01 

%VR/ 


rejection (—) 








%VS 

Vref 

Reference voltage 

•ref ~ 1.0mA 

4.9 

5.0 

5.25 

4.9 

5.0 

5.25 

V 


Ta = 25 °c 








TCref 

Reference voltage 
temperature coefficient 

IrEF= I.OmA^ 


60 



60 


ppm/°C 

Z|N 

DAC Vref*N input 

IrEF= 1.0mA 

4.15 

5.0 

5.85 

4.15 

5.0 

5.85 



impedance 

Ta = 25“C 








•cc+ 

Positive supply current 

Vcc+ = 16V 


7 

14 


7 

14 

mA 

•cc-* 

Negative supply current 

Vcc- = -15V 


-10 

-15 


-10 

-15 

mA 

Pd 

Power dissipation 

IrEF = 10mA, Vcc = ± 15V 

_1 

255 

_1 

435 

_I 

255 

436 

mW 


NOTE 

1. Refer to Figure 2. 


AC ELECTRICAL CHARACTERISTICS Vcc = ± 15V, Ta = 25»c 


PARAMETER 

TO 

FROM 

TEST CONDITIONS 

SE/NE5019 

UNIT 

Min 

Typ 

Max 

TsLH 

Settling time 

± Vs LSB 

Input 

All bits low to high^ 


1.8 


ns 

TsHL 

Settling time 

± V2 LSB 

Input 

All bits high to low^ 


2.3 


ns 

Iplh 

Propagation delay 

Output 

Input 

All bits switched low to high^ 


300 


ns 

IphI 

Propagation delay 

Output 

Input 

All bits switched high to low^ 


150 


ns 

Ipisb 

Propagation delay 

Output 

Input 

1 LSB change3>4 


150 


ns 

Iplh 

Propagation delay 

Output 

LE 

low to high transition6 


300 


ns 

IphI 

Propagation delay 

Output 

LE 

high to low transition® 


150 


ns 

Is 

Set-up time 

LE 

Input 

2, 7 

100 



ns 

1h 

Hold time 

Input 

LE 

2, 7 

50 



ns 

Ipw 

Latch enable pulse width 



2, 7 

160 



ns 


NOTES 


2. Refer to Figure 3. 

3. See Figure 6. 

4. See Figure ,7. 

5. See Figure 8. 

6 . See Figure 9. 

7. See Figure 10. 

8 . For reference currents > 3mA, use of an external buffer is required. 
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DC PARAMETRIC TEST CONFIGURATION 


14 Vref in 
13 Vref out 


DIG. GNO 1 
ANA. GNO 22 



C-“ 

Figure 2 
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DESCRIPTION 

The NE5020 is a microprocessor-compati¬ 
ble monolithic 10-bit digital to analog con¬ 
verter subsystem. This device offers 10-bit 
resolution and ±0.1% accuracy and 
monotonicity guaranteed over full operating 
temperature range. 

Low loading latches, adjustable logic 
thresholds and addressing capability allow 
the NE5020 to directly interface with most 
microprocessor and logic controlled sys¬ 
tems. 

The NE5020 contains internal voltage refer¬ 
ence, DAC switches and resistor ladder. 
Also, the input buffer and output summing 
amplifier are included. In addition, the 
matched application resistors for scaling ei¬ 
ther unipolar or bipolar output values are 
included on a single monolithic chip. 

The result is a near minimum component 
count 10-bit resolution DAC system. 


FEATURES 

• 10-bit resolution 

• Guaranteed monotonicity over 
operating range 

• ±0.1 % relative accuracy 

• Unipolar (OV to -HIOV) and 
Bipolar (±5V) output range 

• Logic bus compatible 

• SfjLsec settling time 

APPLICATIONS 

• Precision 10-bit D/A converters 

• 10-bit Analog to Digital converters 

• Programmable power supplies 

• Test equipment 

• Measurement instruments 


PIN CONFIGURATION 



F, N PACKAGE 


DIGITAL GND 

[I 

24] 

ANALOG GND 

DBO (LSB) 

[E 

m 

AMP COMP 

DB1 

[Z 

22 | 

SUM NODE 

DB2 

E 


+VCC 

DBS 

CE 

"iol 

VOUT 

DB4 

[L 

19] 

-vcc 

DBS 

IZ 

jU 

BIPOLAR OFFSET R 

DB6 

m 


+VREF input 

DB7 

K 

jU 

-vref input 

DBS 


Z] 

VrEFOUT 

DB9 

QI 

m 

Vref adj 

LEl 

[Z 

jZ 

LE2 


TOP VIEW 



ORDER NUMBERS 



NE5020F 

NE5020N 



BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Vcc+ 

Positive supply voltage 

18 

V 

Vcc- 

Negative supply voltage 

-18 

V 

V|N 

Logic input voltage 

Oto 18 

V 

vref in 

Voltage at +Vref input 

12 

V 

Vref adj 

Voltage at Vref adjust 

0 to Vref 

V 

VSUM 

Voltage at sum node 

12 

V 

Irefsc 

Short-circuit current 




to ground at Vref OUT 

Continuous 


•OUTSC 

Short-circuit current to ground 




or either supply at Vqut 

Continuous 


pd 

Power dissipation* 




-N package 

800 

mW 


F package 

1000 

mW 

ta 

Operating temperature range 




NE6020 

0 to -1-70 

‘’C 

tstg 

Storage temperature range 

-65 to -1-160 

“C 

TSOLD 

Lead soldering temperature 




(10 seconds) 

300 

“C 


•NOTES 

For N package, derate at 120°C/W above 35°C 
For F package, derate at /S'C/W above 76°C 


DC ELECTRICAL CHARACTERISTICS Vcc+ = +15V, Vqq— = —15V, 0®C < ::<70°c unless otherwise specified^ 

Typical values are specified at 25°C 


PARAMETER 

TEST CONDITIONS 

NE5020 

UNIT 

Min 

Typ 

Max 


Resolution 




10 

Bits 


Monotonicity 




10 

Bits 


Relative accuracy 




±0.1 

%FS 

Vcc+ 

Positive supply voltage 


11.4 

15 

16.5 

V 

Vcc- 

Negative supply voltage 


-11.4 

-15 

-16.5 

V 

V|N(1) 

Logic “1” input voltage 

Pin 1 = OV 

2.0 



V 

V|N(0) 

Logic “0" input voltage 

Pin 1 = OV 



0.8 

V 

l|N(1) 

Logic “1” input current 

Pin 1 = OV, 2 V<V|n<18V 


0.1 

10 

fiA 

l|N(0) 

Logic “0” input current 

Pin 1 = OV. -5 V<Vin<0.8V 


-2.0 

-10 

mA 

vfs 

Full scale output voltage 

Unipolar operation 

9.5 

9.9902 

10.5 

V 



Vref in = s.ooov, Ta = 25 °c 





vfs 

Full scale output voltage 

Bipolar operation 

4.5 

4.9902 

5.5 

V 



Vref in = s.ooov, Ta = 25 ‘’c 

-5.040 

-5.000 

-4.960 


vzs 

Zero scale voltage 

Unipolar operation 

-30 

5 

+ 30 

mV 

•os 

Output short circuit 

Ta * zs^^c 


±15 

±40 

mA 


current 

VOUT = OV 





PSR-H(out) Output power supply 

V- =: ~16V, 13.5V<V+< 16.5V, 


.001 

.01 

%FS/ 


rejection (-f-) 

external Vref IN “ 5.000V 




%VS 

PSR-(out) Output power supply 

V-f = 15V, -13.5V<V-:<-16.5V, 


.001 

.01 

%FS/ 


rejection (-) 

external Vref IN “ 5.000V 




%VS 

TCfs 

Full scale temperature 

Vref in = s.ooov 


20 


ppmFS 


coefficient 





/“C 

TCzs 

Zero scale temperature 



5 


ppmFS 


coefficient 





/®C 


NOTE 

1. Refer to Figure 2. 


11-30 


Si^Tetics 







ANALOG DIVISION 


MARCH 1982 


10-BIT /lP-COMPATIBLE D/A CONVERTER 


NE5020 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Vqq+ = +15V. Vcq- = -15V, 0°C < < 70°C unless otherwise specified.^ 

Typical values are specified at 25°C 


PARAMETER 

TEST CONDITIONS 

NE5020 

UNIT 

Min 

Typ 

Max 

‘ref^ 

Reference output current 




3 

mA 

IrEF sc 

Reference short circuit 

Ta = 25®C 


15 

30 

mA 


current 

Vref out = ov 





PSR+ref 

Reference power supply 

V- = -15V, 13.5V < V+ < 16.5V, 


.003 

.01 

%VR/ 


rejection (+) 

IrEF “ 1.0mA 




%VS 

PSR-ref 

Reference power supply 

V4- = 15V, -13.5V < V- < 16.5V, 


.003 

.01 

%VR/ 


rejection (~) 





%VS 

Vref 

Reference voltage 

IrEF “ 1.0mA, Ta = 25°C 

4.9 

5.0 

5.25 

V 

TCref 

Reference voltage 
temperature coefficient 

IrEF = 1.0mA 


60 


ppm/"C 

Z|N 

DAC VreF*N input 
impedance 

IrEF “ 1.0mA 


5.0 



lcc+ 

Positive supply current 

Vcc+ = '5V 


7 

14 

mA 

•cc- 

Negative supply current 

Vcc- = -15V 


-10 

-15 

mA 

Pd 

Power dissipation 

IrEF = 1.0mA, Vqq = ± 15V 


255 

435 

mW 


NOTE 

1. Refer to Figure 2. 

2. For Ipgp OUT greater than 3mA, an external buffer is required. 


AC ELECTRICAL CHARACTERISTICS 3 Vcc = ± 15V, Ta = 25^0 


PARAMETER 

TO 

FROM 

TEST CONDITIONS 

NE5020 

UNIT 

Min 

Typ 

Max 

TsLH 

Settling time 

± Va LSB 

Input 

All bits low to high^ 


5 


ixs 

TsHL 

Settling time 

± Va LSB 

Input 

All bits high to low^ 


5 


JUS 

Iplh 

Propagation delay 

Output 

Input 

All bits switched low to high^ 


300 


ns 

IphI 

Propagation delay 

Output 

Input 

All bits switched high to low^ 


150 


ns 

Ipisb 

Propagation delay 

Output 

Input 

1 LSB change^.S 


150 


ns 

Iplh 

Propagation delay 

Output 

LE 

low to high transition® 


300 


ns 

IphI 

Propagation delay 

Output 

LE 

high to low transition^ 


150 


ns 

Is 

Set-up time 

LE 

Input 

3, 8 

100 



ns 

1h 

Hold time 

Input 

LE 

3, 8 

50 



ns 

Ipw 

Latch enable pulse width 



3, 8 

150 



ns 


NOTES 

3. Refer to Figure 3, 

4. See Figure 6. 

5. See Figure 7. 

6. See Figure 8. 

7. See Figure 9. 

8. See Figure 10. 
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AC PARAMETRIC TEST CONFIGURATION 

9 vcc+ 


11109 8 7 6 5 4 3 2 

21 

12 

DIG. GND 1 

13 



ANA. GND 24 

15 

14 

-Vref in 16 

VOUT 20 


SUM 22 


AMP 23 

19 18 

COMP. 


BIPOLAR OUTPUT OPERATION (-5 to +5V) 


12 DIG. GND 1 

13 

17 Vref in ana. GND 24 

15 Vref OUT 3Q20 -VREF IN 16 

14 Vref adj 
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VtH = VpiN 1 + 1.4V 
+ 15V CMOS, HTL, HNIL 
VtH = +7.6V 




+5V CMOS 
Vth = +2.8V 


+ 10V CMOS 
Vth = +5.0V 



NOTE DO NOT EXCEED NEGATIVE 
LOGIC INPUT RANGE OF DAC 

10K ECL 
Vth -1.29V 



Figure 11 
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CIRCUIT DESCRIPTION 

The NE5020 provides ten data latches, an 
internal voltage reference, application resis¬ 
tors, and a scaled output voltage, in addition 
to the basic DAC components (see block 
diagram, figure 1). 

Latch Circuit 

Digital interface v/ith the NE5020 is readily 
accomplished through the use of two latch 
enable ports (LE^ and LE2) 
input latches. LE2 controls the two most sig¬ 
nificant bits of data (DBg and OBg) while 
LEi controls the eight lesser significant bits 
(DB7 through DB0). Both the latch enable 
ports (LE) and the data inputs are static and 
threshold sensitive. When the latch enable 
ports (LE) are high (Logic ‘1’) the data in¬ 
puts become very high impedances and es¬ 
sentially disappear from the data bus. Ad¬ 
dressing the LE with a low (Logic ‘0’) the 
latches become active and adapt the logic 
states present on the data bus. During this 
state, the output of the DAC will change to 
the value proportional to the data bus value. 
When the latch enable returns to a high 
state, the selected set of data inputs (i.e., 
depending on which LE goes high) 'memo¬ 
rize' the data bus logic states and the output 
changes to the unique output value corre¬ 
sponding to the binary word in the latch. 

The data inputs are inactive and high imped¬ 
ance (typically requiring -2fiA for low (.8V 
max) or 0.1 juA for high (2.0V min)) when the 
LE is high. Any changes on the data bus with 
LE high will have no effect on the DAC 
output. 

The digital logic inputs (LE and DB) for the 
NE5020 utilize a differential input logic sys¬ 
tem with a threshold level of -1-1.4 volts with 
respect to the voltage level on the digital 
ground pin (Pin 1). Figure 11 details several 
bias schemes used to provide the proper 
threshold voltage levels for various logic 
families. 

To be compatible with a bus orientated sys¬ 
tem the DAC should respond in as short a 
period as possible to insure full utilization of 
the microprocessor, controller and I/O con¬ 
trol lines. Figure 10 shows the typical timing 
requirements of the latch and data lines. 
This figure indicates that data on the data 
bus ^uld be stable for at least SOnsec 
after LE is changed to a high state. 

The independent LE (LEi ®nd LE2) lines al¬ 
low for direct interface from an 8 bit data bus 
(see figure 12). Data for the two MSB’s is 
supplied and stored when LE2 is activated 
low and returned high according to the 
NE5020 timing requirements. Then LEi is 
activated low and the remaining eight LSB’s 
of data are transferred into the DAC. With 


LE-| returning high the loading of ten bit data 
word from an eight bit data bus is complete. 

Occasionally the analog output must change 
to its data value within one data address 
operation. This is no problem using the 
NE5020 on a 16 bit bus or any other data 
bus with 10 or greater data bits. 


This can be accomplished from an 8 bit data 
bus by utilizing an external latch circuit to 
preload the two MSB data values. Figure 13 
shows the circuit configuration. 

After preloading (via LE pre-load) the exter¬ 
nal latch with the two MSB values, LE2 is 
activated low and the eight LSB’s and the 


NE5020 nP INTERFACE 8-BIT DATA BUS EXAMPLE 



Figure 12 


PRELOADING THE 2 MSB’S TO PROVIDE A SINGLE STEP OUTPUT 


8-BIT-DATA BUS 



Figure 13 
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two MSB’s are concurrently loaded into the 
DAC in one address operation. This permits 
the DAC output to make its appropriate 
change at one time. 

Reference Interface 

The NE5020 contains an internal bandgap 
voltage reference which is designed to have 
a very low temperature coefficient and ex¬ 
cellent long term stability characteristics. 

The internal bandgap reference (1.23V) is 
buffered and amplified to provide the 5 volt 
reference output. Providing a VrerADJ (pin 
14) allows trimming of the reference output. 
Utilization of the adjust circuit shown in fig¬ 
ure 16 performs not only Vrer adjustment 
but also full scale output adjust. Notice that 
the VrerADJ pin is essentially the sum 
node of an op amp and is sensitive to exces¬ 
sive node capacitance. Any capacitance on 
the node can be minimized by placing the 
external resistors as close as possible to 
the VrerADJ pin and observing good layout 
practices. 

The Vref out node can drive loads greater 
than the DAC Vref input requirements and 
can be used as an excellent system voltage 
reference. However, to minimize load ef¬ 
fects on the DAC system accuracy, it is rec¬ 
ommended that a buffer amplifier is used. 

Input Amplifier 

The DAC reference amplifier is a high gain 
internally compensated op amp used to con¬ 
vert the input reference voltage to a preci¬ 
sion bias current for the DAC ladder net¬ 
work. 

Figure 1 details the input reference amplifier 
and current ladder. The voltage to current 
converter of the DAC amp will generate a 
1 mA reference current through Qr with a 5 
volt Vref- This current sets the input bias to 
the ladder network. Data bit 9 (DB 9 )(Q 9 ), 
when turned on, will mirror this current and 
will contribute 1 mA to the output. DB 3 (Qs) 
will contribute of that value or 0.5mA and 
so on. These current values act as current 
sinks and will add at the sum node to 
produce a DAC ladder to sum node function 
of: 

2Vref ( db9 , DBS , DB7 , 

'ouT=-RSir + 

DBS DBS DB4 DB3 
16 32 64 128 

DB2 DB1 DBO \ 

256 512 ^ 1024 J 

Because of the fixed internal compensation 
of the reference amp, the slew rate is limited 
to typically O./VZ/iSec and source 
impedances at the Vref INPUT greater than 
5kfi should be avoided to maintain stability. 


The —Vref INPUT uncommitted to al¬ 
low utilization of negative polarity reference 
voltages. In this mode +Vref INPUT 's 
grounded and the negative reference is tied 
directly to the —Vref INPUT- The —Vref 
INPUT contains a 5ki2 resistor that matches 
a like resistor In the +Vref INPUT reduce 
voltage offset caused by op amp input bias 
currents. 

Output Amplifier and Interface 

The NE5020 provides an on chip output op 
amp to eliminate the need for additional ex¬ 
ternal active circuits. Its two stage design 
with feed forward compensation allows it to 
slew at 15V//tsec and settle to within 
± 1 / 2 LSB in 5/Lisec. These times are typical 
when driving the rated loads of R|_ > 5k and 
Cl :< 50pF with recommended values of 
Crf = fnF and Cfb = 30pF. Typical input 
offset voltages of 5mV and 50k open loop 
gain insure an accurate current to voltage 
conversion is performed when using the on 
chip Rfb resistor. Rrb is matched to Rref 
and Rqip to maintain accurate voltage gain 
over operating conditions. The diode shown 
from ground to sum node prevents the DAC 
current switches from saturating the op amp 
during large signal transitions which would 
otherwise increase the settling time. 

The output op amp also incorporates output 
short circuit protection for both positive and 
negative excursions. During this fault condi¬ 
tion IquT will limit at ± 15mA typical. Recov¬ 
ery from this condition to rated accuracy will 
be determined by duration of short circuit 
and die temperature stabilization. 


Bipolar Output Voltage 

The NE5020 includes a thermally matched 
resistor, Rbip. to offset the output voltage 
by 5 volts to obtain —5V to +5V output volt¬ 
age range operation. This is accomplished 
by shorting pins 18 and 22 (see figure 14). 
This connection produces a current equal to 
(Vref in - Vsum node) ^ RbIP- (tmA nomi¬ 
nal), which is injected into the sum node. 
Since full scale current out is approximately 
2mA (1.9980mA), (2mA - 1mA)5k = 5V will 
appear at the output. For zero DAC output 
currents, 1mA is still injected into sum mode 
and VquT ” —(5k)(1mA) = —5V. Zero scale 
adjust and full scale adjust are performed as 
described below, noting that full scale volt¬ 
age is now approximately -f5 volts, zero 
scale adjust may be used to trim Vqut “ 
0.00 with the MSB high or VquT “ -5.0V 
with all bits off. 

Zero Scale Adjustment 

The method of trimming the small offset er¬ 
ror that may exist when all data bits are low 
is shown in figure 15. The trim is the result of 
injecting a current from resistor R 2 that 
counteracts the error current. Adjusting po¬ 
tentiometer R^ until Vqut equals 0.000 
volts in the unipolar mode or —5.000 volts in 
the bipolar mode (see bipolar section) ac¬ 
complishes this trim. 

Full Scale Adjustment 

A recommended full scale adjustment circuit 
when using the internal voltage reference is 
shown in figure 16. Potentiometer R 3 is 
adjusted until Vqut equals 9.99023V. In 
many applications where the absolute accu- 


BIPOLAR OUTPUT 
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racy of full scale is of low importance when they match and track in value closely over 

compared to the other system accuracy fac- wide ambient temperature variations. Typi- 

tors, then this adjustment circuit is optional. cal matching is less than ±0.3% which im- 
. „ ^ ^ ^ ^ plies that typical full scale (or gain) error is 

As resrstors Rref. Rfb and Rbip shown m value, 

figure 1 are integrated in close proximity, 
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DESCRIPTION 

The NE5034 is a high-speed micropro¬ 
cessor-compatible 8-bit Analog-to-Digital 
converter. It uses the successive approx¬ 
imation conversion technique, and in¬ 
cludes the comparator, reference DAC, 
SAR, an internal clock and three-state buf¬ 
fers all on the same chip. 

The converter can accommodate a wide 
analog input voltage range, bipolar or 
unipolar, selectable through external 
input resistors. An external capacitor con¬ 
trols the internal clock frequency, pro¬ 
viding conversion times down to 17/4S. 
Faster conversion times are possible 
using an external clock. 

Microprocessor interfacing requirements 
are simple, allowing analog-to-digital 
conversion with a minimum of external 
components. 


FEATURES 

• 8-bit resolution and accuracy 

• Accepts unipoiar or bipolar inputs 

• Three-state output buffers for easy 
microprocessor interface 

• Choice of internal or external clocking 

• Short conversion time, 17/us typical 
using internal clock 

APPLICATIONS 

• All microprocessor-based monitoring 
and control systems requiring anaiog 
signal inputs. 

• Typicai applications include: 
Automated process control, machine 
toois, robots, test and measurement 
instruments, environmentai controls 

• Other applications include: 

Ratiometric A/D conversion, very high 
resoiution A/D conversion systems 
requiring high speed 8-bit buiiding 
biocks 


PIN CONFIGURATION 

I F,N PACKAGE 


DBO (LSB) [T 


18] DR 

DB1 [T 


l3 DIGITAL GND 

DB2 [T 


T|] ANALOG GND 

DB3[T 


HJllN 

DB4 [T 


14]-Vcc 

DBS [T 


m Iref in 

DB6[y 


I^-fVcc 

DB7[T 


TTI CLK 

dE|T 


33 STRT 


TOP VIEW 

ORDER NUMBERS 

NE5034F, NE5034N 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Vcc + 

Positive supply voltage 

Oto -I-6 

V 

Vcc- 

Negative supply voltage 

Oto -15 

V 

•ref 

Reference current 

1.5 

mA 

•in 

Analog input current 

5.0 

mA 

Vo 

Data output voltage 

6.0 

V 

Analog 

GND to Digital GND 

1.0 

V 

Vl 

Logic input voltage 

— 1 to Vqc + 

V 

Pd 

Power dissipation 




N package 

800 

mW 


F package 

1000 

mW 

Ta 

Operating temperature range 

0 to -1-70 

°C 

Tstg 

Storage temperature range 

-65 to - 1 -150 

“C 

Tsold 

Lead soldering temperature (10 seconds) 

300 

“C 


BLOCK DIAGRAM 


IrEF IN +Vcc -Vcc 



CLK STRT OE DB7.DBO 

_(MSB)_(LSB) 
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DC ELECTRICAL CHARACTERISTICS +Voc=5.ov, -Vcc= - 12V, 0*C < Ta < 70'’C unless otherwise specified 


SYMBOL AND PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Resolution 


8 

8 

8 

Bits 

Relative accuracy error^’ ^ 






Vcc+ 

Positive supply range 


4.75 



a 

I 

o 

Negative supply range 


-11.4 


BBS 

D 

1^91 




±2 

±5 

HSfSl 

^EBl 



bhi 


±1 


Psr 

Power supply rejection^ 

1 REF = 1 -0 mA, Vcc + 4.75 to -1- 5.25V, Vcc - 11 -4 
to -12.6V 



±1/2 

LSB 

V,H 

Logic 1 input voltage (STRT and 


2.0 



V 

VlH 

Logic 1 input voltage ext. clock 


2.4 



V 

V,L 

Logic 0 input voltage (STRT and 




0.8 

V 

V|L 

Logic 0 input voitage ext ciock 




0.7 

V 

>IH 

Logic 1 input current (STRT and OE^) 

V,n = 2.4V 



20 

fiA 

l|H 

Logic 1 input current ext ciock 

V|n = 2.4V 


100 



l|L 

Logic 0 input current (STRT and 

V,n = 0.4V 


-20 

-100 

fiA 

l|L 

Logic 0 input current ext. clock 

V|n = 0.7V 


-100 


liA 

d 

> 

Logic 0 output voitage 

loL=1-6mA, OE = 0.8V 



0.4 

V 

I 

o 

> 

Logic 1 output voitage 

Ioh = 400)^A,^ = 0.8V 

2.4 



V 

Iqz 

Three-state ieakage 

^ = 2.0V, VoL = 0V or 5V 


±10 


mA 

•cc-i- 

Positive suppiy current 

Vcc+5V, Vcc-12V 


18 

36 

mA 

•cc 

Negative suppiy current 

Vcc + 5V, Vcc-12V 


- 11 

-22 

mA 


NOTES 

1. Relative accuracy is defined as the deviation of the code transition points from the ideal code transition points on a straight line drawn from zero scale to full scale of the 
device. 

2. Specifications given in LSBs refer to the weight of the least significant bit at the 8-bit level which is 0.39% of the full scale voltage. 

3. MAX change in full scale. 


AC ELECTRICAL CHARACTERISTICS v+ = +5V.V- = -12 V,Ta=25“C 


SYMBOL & PARAMETER 

TO 

FROM 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

internal clock frequency 



C|_ = 60pF (See Figure 1) 


500 


KHz 

External clock frequency 






700 

KHz 

Tw STRT pulse width 



Ciock freq.=:500KHz 

400 



ns 

External clock pulse width positive/negative 







wm 

Set up time^ 



See Figure 3 

300 



ns 

tp (out data) propagation delay 

data out 

OE 

See Figure 2 


50 

200 

ns 

tp (out DR) propagation deiay 

data ready out 

8th ciock 

See Figure 3 


700 


ns 

tp (3-state) propagation deiay 3-state 

high 

impedance o/p 


See Figure 2 


60 

200 

ns 

tp (DBO) propagation deiay 

DBO 

DR 

See Figure 3 



500 

ns 

tp (SDR) STRT iow to DR high 

data ready high 

STRT iow 

See Figure 3 


700 


ns 


NOTE 

1. See description of “Set up time”. 
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TYPICAL PERFORMANCE CHARACTERISTICS 



TEST LOAD CIRCUITS 


DATA OUTPUT HIGH 


tR s tp = 20ns 


DATA OUTPUT 



OE (TR LEVELS) 


-O DATA READY 


5Kn 

-VsV—O l|N (10.5V) 

-0-Vcc(-12V) 

-o lREplN = 1mA 


—-O Vcc + (+ 5V) 
-®CLK500KHz 


START PULSE 
(TTL LEVELS) 



DATA OUTPUT LOW 


Vcc = 


DATA^ 
OUTPUT ^ 


10Kfi< ! 


15pF±: 




OE (TTL LEVELS) 



Vcc 


tp = tp £ 20ns 


-O DATA READY 


5Kn 

-O Iin(-O.IV) 

-0-Vcc(-12V) 

-o Iref in = 1mA 

-O Vcc+ ( + 5V) 

-® CLK 500KHZ 


~® START PULSE 
(TTL LEVELS) 



FIGURE 2 
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8th CLOCK 
PULSE 



FUNCTIONAL PIN DEFINITIONS 

DATA READY (DR) 

This is an output pin used to indicate that 
a conversion is in pro gress. DR goes to a 
iogic “1” when STRT is at a logic “0”. At 
the completion of a conversion DR returns 
to a iogic “0”. There is a delay (MAX 0.5/iS) 
from the time DR goes to “0” to the time 
DBO data is vaiid. 

DB0-DB7 

Eight three-state data outputs each with a 
drive capability of one TTL load. DBO is the 
LSB and DB7 is the MSB. 

OE 

Output enable input. When OE^is at a logic 
“1” the data outputs assume a high impe¬ 
dance state. With OE at a logic “0”, data is 
placed on the outputs. Data appearing on 
the outputs is only valid if both OE and DR 
are at logic “0” (see note on DR timing). 


STRT 

This pin is used to reset the converter and 
start a new conversion. A logic “0” applied 
to this pin for a minimum of 400ns will 
reset the converter to a condition with 
DB7 at a logic “1” and all other Dat^ut- 
puts at logic “0”. It will also cause DR to 
go to a logic “1” (see timing diagrams for 
delay times). Conversio n will start with the 
1st clock pulse after STRT returns to a 


logic “1” (see n otes on set up time re¬ 
quired). A STRT pulse while a conversion 
Is taking place will cause the conversion 
to be aborted and the converter will reset. 
(See notes on short-cycle operation.) 

CLK IN 

An external capacitor between this pin 
and ground generates the internal clock 
pulses. (See diagram for clock frequency 
vs capacitor value). In order to synchro¬ 
nize the internal clock, to the start pulse a 
diode (small signal type e.g., 1N914) 
should be connected between STRT and 
CLK IN (see Figures 4 and 5). Without this 
diode the start pulse could occur at a time 
which could cause one of the conditions 
described in the Note on “set up” time. 
Applying an external TTL-or MOS-compat- 
ible clock to this pin slaves the NE5034 to 
external clock frequency. In this case, the 
diode is not required but the “set up” time 
requirements should be noted. 


BASIC CIRCUIT DESCRIPTION 

The NE5034 is an 8-bit AID converter which 
Incorporates the successive-approxima¬ 
tion conversion method. Upon receipt of 
the STRT pulse, successive bits, begin¬ 
ning with the MSB (DB7), are applied to the 
Input of the internal 8-bit current output 
DAC by the I^L successive-approximation 
register (SAR) (see Block Diagram). 


The comparator determines whether the 
output current of the DAC is greater or 
less than the input current converted from 
the unknown analog input voltage through 
an external input resistor. If the DAC out¬ 
put current is greater, the data latch for 
the trial bit is reset to a ‘O’; if it is less, the 
trial data bit stays at ‘V. After all the bits 
from DB7 to DBO have been tried, the SAR 
contains a valid 8-bit binary output code 
which accurately represents the unknown 
analog input to within ± 1/2 LSB (± 0.2%). 
This binary outpu t will n ow remain in the 
SAR until another STRT pulse is applied. 

During the successive-app roximation se¬ 
quence, the DATA READY signal remains 
at ‘1’. Upon completion of the conversion, 
the signal goes to a ‘O’, indicating that 
data is valid and ready. If the OE input is 
left at a ‘0’ during the conversion, the 
DATA OUTPUT shows the conversion se¬ 
quence (see short cycle section). When 
the OE line is made a logic ‘1’, the output 
buffers will go to a high impedance state 
and will remain so until the OE is returned 
to a ‘0’ state. 


TIMING DESCRIPTION 

The timing diagram shown in Figure 7 
shows the successive trial and decisions 
for each data bit. 

With STRT at a logic “0” the converter is 
reset to a condition with DB7 at a logic 
“1”, DR at a logic “1” and DB0-DB6 at 
logic “0”. 

Conversion starts after STRT returns to a 
logic “1”. Starting with DB7 each bit is 
tried in turn, with the decision point being 
at the time of the positive going edge of 
the clock. Starti ng with the first positive 
edge after STRT returns to logic “1” (see 
note on “set up” time). The 8th positive 
going edge makes the decision on DBO 
(LSB) and also causes DR to return to a 
logic “0” to indicate tji^ conversion is 
complete. (See note on DR timing.) 


SHORT-CYCLE OPERATION 

In applications where less than 8 bits of 
resolution are required the NE5034 can be 
operated to achieve shorter conversion 
times. No hard wire changes are required 
to perform “short-cycling”. 

Conversion to X number of bits is com¬ 
pleted at the end of ^ 0.5 clock cycles 
(after a start pulse) DR will still be at a 
logic “1” state. 

OE can be used to 3-state the outputs 
even during short-cycle operation. 
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BASIC SET-UP DIAGRAM UNIPOLAR INPUT VALUES (0-10V) 


EXTERNAL CLOCK 5TRT BOTA OUTPUT 
(IF USED) PULSE READV ENABLE 



GROUND 

FIGURE 4. 


BASIC SET-UP DIAGRAM BIPOLAR INPUT VALUES (± 10V RANGE) 


EXTERNAL CLOCK STRT DATS UDTFDT 
(IF USED) PULSE READY ENABLE 



ANALOG +Vcc -Vcc 

GROUND 

FIGURE 5. 
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SET UP TIME 

When using an external clock, the positive 
going edge of the start pulse must be syn¬ 
chronized to the clock pulse. There is a 
“set up” time of 300ns required between 
the time of the start pulse returning to a 
logic “1” and the next positive going edge 
of the clock. 

If the positive edge of the start pulse 
occurs less than 300ns prior to the posi¬ 
tive clock edge, one of the following con¬ 
ditions will occur: 

a) The converter recognizes the clock 
pulse and converts as normal. 

b) The conversion starts one clock pulse 
later. 

c) The conversion never starts, this wiil be 
indicated by the fact that DR does not 
return to logic “0”. In this case a new 
start pulse will be required. 

DATA READY (DR) TIMING 

After DR returns to a logic “0” indicating a 
conversion is complete there is a time 
delay of 500ns before the data at DBO out¬ 
put (the Least Significant Bit) is valid. 

ZERO OFFSET (NEGATIVE FULL 
SCALE) CALIBRATION 
PROCEDURES 

1. Apply continuous start puises to the 
STRT input. 

2. Apply 1/2 LSB in the case of unipolar 
operation, or 1/2 LSB above - FS in the 
case of bipolar operation to the analog 
input. 


3. Observe all data outputs after each 
conversion is completed. 

4. Adjust the potentiometer connected to 
Iiis 4 (see Figure 6) until the LSB flickers 
between ‘0’ and ‘T, and all other data 
outputs remain ‘0’ following each con¬ 
version. 

FULL SCALE (POSITIVE FULL 
SCALE) CALIBRATION: 

1. Apply continuous start pulses to the 
STRT input. 

2. Apply full scale minus 1 1/2 LSB to the 
analog input. 

3. Observe all data outputs after each 
conversion is completed. 

4. Adjust the voltage applied to in 
(Figure 4) until the LSB varies between 
‘0’ and ‘1’, and all other data outputs 
stay ‘T after each conversion. 

NOTE: 

1. Where an input of 1/2 LSB is called for, the voltage is 

I* P'S 
equaltojjg. 

2. The sequence of calibration should be: 

a. Zero offset 

b. Full scale adjust 

c. Zero offset 

d. Full scale adjust 

OPERATING PRECAUTIONS: 

Analog and digital grounds should have 
separate returns. Noise and jitter on digi¬ 
tal ground will degrade accuracy unless 
the input is referenced to a ‘clean’ analog 
ground. 


UNIPOLAR BINARY 
OPERATION: 

A Standard connection for a 0 to 10V uni¬ 
polar binary operation, with Vref in equal 
to -f 5 volts, is shown in Figure 4. The 
NE5034 can quantize full scale ranges of 
IV to 10V. It should be noted, however, 
that for smaller full scale ranges, the ac¬ 
curacy and speed will degrade. 

The input voltage versus output code rela¬ 
tionship for unipolar operation is shown in 
Table 1. The full scale range is 2 times 
•refin- 


Table 1. Unipolar—Binary 


ANALOG INPUT 

digital 
OUTPUT CODE 

NOTES 1, 2, 3 

MSB LSB 

FS—1 LSB 

11111111 

FS—2 LSB 

11111110 

3/4 FS 

1 1 0 0 0 0 0 0 

1/2 FS-fI LSB 

1 0 0 0 0 0 0 1 

1/2 FS 

1 0 0 0 0 0 0 0 

1/2 FS-1 LSB 

0 1111111 

1/4 FS 

0 1 0 0 0 0 0 0 

1 LSB 

0 0 0 0 0 0 0 1 

0 

00000000 


Table 2. Bipolar—Offset Binary 


ANALOG INPUT 

NOTES 1, 3, 4 

DIGITAL 
OUTPUT CODE 

MSB LSB 

-f(FS-1 LSB) 

11111111 

-f(FS-2 LSB) 

11111110 

-f(1/2 FS) 

1 1 0 0 0 0 0 0 

-F(1 LSB) 

1 0 0 0 0 0 0 1 

0 

1 0 0 0 0 0 0 

- (1 LSB) 

0 1111111 

-(1/2 FS) 

0 1 0 0 0 0 0 0 

-(FS-1 LSB) 

0 0 0 0 0 0 0 1 

-FS 

00000000 


BIPOLAR (OFFSET BINARY) 
OPERATION: 

A standard connection for a - 5 to -f 5V or 
- 10 to + 10V bipolar operation is shown 
in Figure 5. 

NOTES: 

1. Analog inputs shown are nominal center values of 
code. 

2. “FS” is full scale; i.e., 2 Iref in (Unipolar mode). 

3. 1 LSB equals ( 2 - 8 ){FS). 

4. “FS” is full scale; i.e., Iref in (Bipolar mode). 


20Kn 



FIGURE 6. SUGGESTED ZERO/FULL SCALE ADJUST CIRCUIT 
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NE5036 


DESCRIPTION FEATURES PIN CONFIGURATION 


The NE5036 is an easy to use, low cost, 
successive approximation Analog to Digi¬ 
tal converter, fabricated in Blpolar/I^L 
technology, and packaged in a convenient 
8 -pin mini dip package. 

With an external reference voltage, the 
NE5036 will accept input volta ges be- 
tween OV and Vp^p. Holding the START 
pin low for at least 8 clock pulses In dura¬ 
tion will provide the 6-bit result of the con¬ 
version in a serial format. 


ABSOLUTE MAXIMUM RATINGS 


• Three-state output buffer for easy 
/^Processor interfacing 

• Fast successive approximation 
converter, 23/tsec 

• T^L compatible inputs and outputs 

• Easy interface to CMOS /xProcessors 

• Guaranteed no missing codes over fuii 
operating range 

• Singie supply operation, -i- 5V 

• High impedance anaiog inputs 

• Positive true binary seriai output 




PARAMETER 

RATING 

UNIT 

Vcc 

Power supply voltage 

7 

V 

Vref 

Reference voltage 

7 

V 

V|N (Analog) 

Analog input voltage 

7 

V 

V|N (Digital) 

Digital input voltage (START & CLOCK) 

7 

V 

Dqut 

Data output pin 

Three-state mode 

7 

V 


Enabled mode 

20 

mA 

^GND 

Analog GND to digital GND 

±1 

V 

Ta 

Operating temperature range 

Oto 70 

“C 

Tstg 

Storage temperature range 

-65 to 150 

"C 

tsold 

Lead soldering temperature 

300 

X 

Pd 

Power dissipation 

FE package 

220 

mW 


N package 

220 

mW 
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Preliminary 


DC ELECTRICAL CHARACTERISTICS Vcc=5.0V; Vref = 2.0V; Clock = 350kHz;0®C < < 70“C unless otherwise 

specified. Typical values are specified at 25“C. 


SYMBOL AND PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 


Resolution 


6 


6 



Relative accuracy^’^ 




1/2 


8 

> 

Positive supply voltage 


-F4.75 

-I-5.0 

+ 5.50 

V 


Full scale gain error^-^-^ 

Vref = 2.0V, Ta=25X 






Zero scale offset error^ 

Vref = 2.0V,Ta = 25‘’C 





PSR 

Power supply rejection 

Vref = 2.0V 


±1/2 

±1 

LSB 


Max change In full scale^ 

4.75V <Vcc:S 5.5V 





l|N 

Analog input bias current 

0<V,n<2.5V 


1 

10 

/.A 

•ref 

Reference bias current 

0<Vref^2.5V 


1 

10 

ixA 

R|N 

Analog input resistance 


3 

30 


m 

V|H 

Logic ‘1’ input voltage 


2.0 



V 

V,L 

Logic ‘0’ input voltage 




0.8 

V 

•iH 

Logic ‘1’ input current 




10 

/.A 

•iL 

Logic ‘0’ input current 




10 

^A 

•oh 

Logic ‘1’ output current 

2.4 V <VoH 

300 



fiA 

•OL 

Logic ‘0’ output current 

Vol^0.4V 

1.6 



mA 

•oz 

Three-state leakage current 




±40 

/.A 

•cc 

Positive supply current 



14 

24 

mA 


AC ELECTRICAL CHARACTERISTICS Vcc = 5.0V; Vref = 2.0V; Clock = 350kHz; 0“C < < 70“C unless otherwise 

specified. Typical values are specified at 25“C. (Refer to test figures.) 


SYMBOL AND PARAMETER 

TO 

FROM 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

^MAX 

Max clock frequency 




350 



kHz 

Tconv 

Conversion time 






8 

Clock cycles 

tw 

Clock pulse width 




1.3 



fiS 

^S 

Setup time, START to clock'^ 

Clock 

START 


500 



ns 

^P(OUT) 

Propagation delay® 

Data out 

Clock 

Ta= 25“C, tr= tf<20ns 



600 

ns 

tp (3-STATE) 

Propagation delay® 

Data (3-State) 

START 

TA=25'’C,tr=tf<20ns 



600 

ns 


NOTES 

1 . Relative accuracy is defined as the deviation of the code transition points from the ideal code transition points on the straight line drawn from zero scale to full scale of the 
device. 

2. Specifications given in LSB’s refer to the weight of the least significant bit at the bit level which is 1.56% of the full scale voltage. 

3. Full scale gain error is the deviation of the code transition point (111110 to 111111) from its ideal value (accounting for offset error at 000000). 

4. The analog input voltage (V|fg) range is from OV to Vr^r nominally, with the output remaining at 111111 even though the input may increase from Vrrr to Vqq. (For optimum 
performance Vrrr can be any value from 1.5V to 2.5V.) 

5. The time between the specified reference points on the clock and the output waveforms with the output changing (low to high or high to low). _ 

6 . The high to low transition of the START pulse should occur at least 500ns prior to the negative edge of the clock pulse to insure its recognition. The START pulse should stay 
high for at least 500ns between conversions to guarantee proper recognition. 
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Preliminary 


CIRCUIT DESCRIPTION 

NE5036 is a complete 6-bit, serial output, 
AID converter which incorporates the suc¬ 
cessive approximation method. The chip 
includes the internal control logic, the 
successive approximation register (SAR), 
6 -bit DAG, comparator and the output buf¬ 
fer. An externally generated clock source 
(max freq = 350 kHz) must be provided to 
pin 6. An external reference voltage sup¬ 
plied to pin 2 sets the full scale range of 
the A/D converter as shown in the Block 
Diagram. 

Upon the START pin going low, suc¬ 
cessive approximation conversion com¬ 
mences after the first low going edge of 
the clock pulse. Successive bits, begin¬ 
ning with the MSB (D5) are applied to the 
input of the internal 6-bit current output 
DAC by the I^L successive approximation 
register. 

The comparator determines whether the 
output current of the DAC is greater or 
less than the input current, converted 


from the unknown analog input voltage 
through the V/l converter. If the DAC out¬ 
put is greater, that bit of the DAC is set to 
0 and simultaneously the output buffer 
goes to 0. If it is less that bit stays at 1 and 
the output buffer goes to 1. After the se¬ 
cond high to low transition of the clock 
pulse, the MSB (D5) data is valid. On suc¬ 
cessive clock pulses, successive bits are 
tried and th e output buffer represents that 
bit. START has to stay low for at least 8 
clock pulses for the conversion to be com¬ 
pleted and to access the 6-bit result of the 
conversion. A conversion in proc ess can 
be Interrupted by issuing another START 
pulse. 

When START is in a high state, the output 
buffer is In a high impedance state. 

The timing diagram for the device is 
shown in Figure 1. 


TRANSFER CHARACTERISTICS 

The NE5036 is designed to have a nominal 
1/2 LSB offset, so that the code transition 
points are located 1/2 LSB on either side 
of the exact analog input for a given code. 
Thus the first transition (000000 to 000001) 
will occur at an input of 1/2 LSB (15.63mV 
with a Vref of 2.0V), plus any offset. Sub¬ 
sequent transition (to full scale — 111111) 
will occur at 62.5 LSB (1.953V at Vref of 
2.0V). 

The ideal transfer characteristic of 
NE5036 is shown in Figure 2. 

LAYOUT PRECAUTIONS 

Analog ground (pin 4) and Digital ground 
(pin 5) are not connected Internally and 
should be connected together as close to 
the device as possible for optimum perfor¬ 
mance. The leads to the analog inputs 
should be kept as short as possible to 
minimize input noise pickup. Input bypass 
capacitors from the analog Inputs to 
ground will eliminate noise pickup. Power 
supplies should be decoupled with at 
least 1/iF, located close to the device to 
minimize noise spikes on Vcc- 



IDEAL TRANSFER 
CHARACTERISTICS 


111111 


111110 
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g 111101 
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§ 000010 
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5 
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000001 

000000 
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Figure 2 
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TYPICAL PERFORMANCE CHARACTERISTICS 


ZERO SCALE OFFSET ERROR 
vs TEMPERATURE 



25 50 75 

Ta (°C) 


ZERO SCALE OFFSET ERROR 
vs Vcc 


w ±3/4 

cc 
O 

S ±1/2 
>— 

UJ 
V) 
u. 

LL 

O ±1/4 

N 

0 
4 

Vcc (VOLTS DC) 




Vref = 
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2.0V 

°C 
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ZERO SCALE OFFSET ERROR 
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Vref (VOLTS DC) 


FULL SCALE GAIN ERROR 
vs TEMPERATURE 


FULL SCALE GAIN ERROR 
vs Vcc 


FULL SCALE GAIN ERROR 
vs Rref 



Ta(°C) 
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Iql vs TEMPERATURE 
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NE5036 


PROPAGATION DELAY TIME 


DATA OUTPUT (LOW TO HIGH) 


DATA OUTPUT (HIGH TO LOW) 


Vref= +2V O-1 ^ggQ3g I-© START (TTL LEVELS) 


-0 350kHz CLOCK 
(TTL LEVELS) 

I Dgnd 


Vcc = + 5V O— 

Vref=+2VO- NE5036 —© STAWt (TTL LEVELS) 
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-• 
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NE5037 




DESCRIPTION 

The NE5037 is a low cost, complete suc¬ 
cessive approximation analog to digital 
(A/D) converter, fabricated in Bipolar/I^L 
technology. With an external reference 
voltage, the NE5037 will accept input volt- 
ages b etween OV and Vref- An external 
START pulse of at least 300ns in duration 
will provide the 6-bit result of the conver¬ 
sion in parallel format. Full conversion 
with no missing codes occurs in dfxs. 


FEATURES 

• T^L compatible inputs and outputs 

• Three state output buffer 

• Easy interface to CMOS /^Processors 

• Fast conversion—9/iS 

• Guaranteed no missing codes over full 
temp range 

• Single supply operation, -i- 5V 

• Positive true binary outputs 

• High impedance analog inputs 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Vcc 

Power supply voltage 

7 

V 

Vref 

Reference voltage 

7 

V 

V|N (Analog) 

Analog input voltage 

7 

V 

V|N (Digital) 

Digital input voltage (CS, OE, START, CLK) 

7 

V 

Dout 

Data outputs (DBO to DBS) 




Three-state mode 

7 

V 


Enabled mode (each output) 

5 

mA 

EOC 

End of conversion 

Vcc 


Aqnd 

Analog GND to digital GND 

±1 

V 

Ta 

Operating temperature range 

Oto 70 

“C 

Tstg 

Storage temperature range 

-65 to 150 

X 

^SOLD 

Lead soldering temperature (10 seconds) 

300 

°C 

Pd 

Power dissipation 




F package 

220 

mW 


N package 

220 

mW 


PIN CONFIGURATION 


F, 

N PACKAGE 


< 

o 

o 

FL 


DBs (MSB) 

vrefu; 


T|]DB4 

ViN U 



ANALOG GND [T 


i3]DB2 

DIGITAL GND [T 


iHOBi 

CLK \T 


HIDBo 

START [T 


i^Edc 

CS [T 


l]dE 


TOP VIEW 


ORDER NUMBERS 

NE5037F, NE5037N 


BLOCK DIAGRAM 
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NE5037 


Preliminary 


DC ELECTRICAL CHARACTERISTICS Vcc = 5.0V; Vref = 2 .0V; Clock = 1 MHz; 0 "C < Ta < 70X unless otherwise 

specified. Typical values are specified at 25“C. 


SYMBOL AND PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 


Resolution 


6 

6 

6 

Bits 


Relative accuracy^-^ 



1/4 

1/2 

LSB 

8 

> 

Positive supply voltage 


-F 4.75 

-F5.0 

+ 5.50 

V 

^FS 

Full scale gain error^-^-^ 

Vref = 2.0V, Ta = 25X 


±1 

±2 

LSB 

^ZS 

Zero scale offset error^ 

Vref=2.0V, Ta=25»C 


±1/2 

- 1/2, + 2 

LSB 

PsR 

Power supply rejection 

Vref=2.0V 


±1/2 

±1 

LSB 


Max change in full scale^ 

4.75V <Vcc^ 5.5V 





•in 

Analog input bias current 

0<V,n<2.5V 


1 

10 

^A 

•ref 

Reference bias current 

0<Vref^2.5V 


1 

10 

/liA 

R|N 

Analog input resistance 


3 

30 


ML2 

V,H 

Logic ‘1’ input voltage 


2.0 



V 

V,L 

Logic ‘0’ input voltage 




0.8 

V 

•iH 

Logic ‘T input current 




10 

fiA 

•iL 

Logic ‘0’ input current 




10 


•oh 

Logic ‘1’ output current® 

2.4V <VoH 

300 



fiA 

•OL 

Logic ‘0’ output current® 

Vol^0.4V 

1.6 



mA 

•oz 

Three-state leakage current 




±40 

/.A 

•cc 

Positive supply current 



18 

24 

mA 


AC ELECTRICAL CHARACTERISTICS Vqc= 5.0V; Vref = 2.0V; Clock= 1 MHz; 0°C < Ta 70°C unless otherwise 

specified. Typical values are specified at 25°C. (Refer to AC test figures.) 


SYMBOL AND PARAMETER 

TO 

FROM 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

^MAX 

Maximum clock frequency 




1 



MHz 

tw 

Start pulse width 






300 

ns 

Minimum positive/negative 
clock pulse width 






300 

ns 

"•^CONV 
^P(OUT DATA) 
*P (OUT EOC) 

^P (3-STATE) 

Conversion time 

Propagation delay® 

Propagation delay^ 

Propagation delay, 3-state 

Data out 
EOC 

3-State Data 

OE 

Clock 

OE 

Ta = 25°C, tr= tf<20ns 
Ta=25°C, tr= tf<20ns 
TA=25‘’C,tr=tt<20ns 



9 

500 

800 

500 

Clock cycles 
ns 

ns 

ns 


NOTES 

1 . Relative accuracy is defined as the deviation of the code transition points from the ideal code transition points on a straight line drawn from zero scale to full scale of the 
device. 

2. Specifications given in LSB’s refer to the weight of the least significant bit at the 6 bit level which is 1.56% of the full scale voltage. 

3. Full scale gain error is the deviation of the full scale code transition point (111110 to 111111) from its ideal value. 

4. The analog input voltage (V|fg) range is OV to Vr^r nominally, with the output remaining at 111111 even though the input may increase from Vrrf to (For optimum perfor¬ 
mance, Vref can be any value from 1.5V t o 2.5V .) 

5. The data outputs have active pull-ups. The EOC line is open collector with a nominal 5kfl internal pull-up resistor 

6. Propagation delay of data outputs is defined as the delay in the data outputs reading their final value after the low going edge of oF. 

7. Propagation delay of EOC is defined as the delay in EOC going low, following the low going edge of the 9th clock pulse after the start pulse. 


CIRCUIT DESCRIPTION 

NE5037 is a complete 6-bit, parallel out¬ 
put, microprocessor compatible, A/D con¬ 
verter which incorporates the successive 
approximation method. The chip includes 
the internal control logic, the successive 
approximation register (SAR), 6-bit DAC, 
comparator and output buffers. An exter¬ 
nally generated clock source (max fre¬ 
quency = 1 MHz) must be provided to pin 6. 


An external reference voltage supplied to 
pin 2 sets the full scale range of the A/D 
converter. 

The CS pin must be at a low level prior to 
the start of the con version process. Upon 
receipt of a START pulse the internal con¬ 
trol logic resets the SAR. On the first low 
going edge of the clock pulse, successive 
approximation conversion commences. 
Successive bits beginning with the MSB 


(D5) are supplied to the input of the inter¬ 
nal 6-bit current output DAC by the I^L 
successive approximation register. 

The comparator determines whether the 
output current of the DAC is greater or 
less than the input current, converted 
from the unknown analog input voltage 
through the V/l converter. If the DAC out¬ 
put is greater, that bit of the DAC is set to 
‘0’ and simultaneously the corresponding 
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output buffer goes to ‘O’. If it is less, that 
bit stays at ‘1’ and the output buffer also 
stays at ‘1’. On successive clock pulses, 
successive bits of the DAC are tried and 
the corresponding output buffer repre¬ 
sents the bits of the DAC. On the eighth 
low going edge of the clock pul se (a fter 
the receipt of the start pulse). The EOC pin 
goes low, thereby indicating that the con¬ 
version is complete. The output data is 
now valid. In order to access the result of 
the conversi on, th e OE pin must be set to 
a low level. EOC is reset to a high state 
when OE is low. When OE is in a ‘1’ state, 
the output buffers are in a high impedance 
state. 

Refer to Figure 1 for the timing diagram. 


TRANSFER CHARACTERISTICS 

The ideal transfer characteristic of the 
NE5037 is shown in Figure 2. 

The NE5037 is designed to have a nominal 
y 2 LSB offset so that the code transition 
points are located Vi LSB on either side of 
the exact analog Inputs for a given code. 

Thus the first transition (000000 to 000001) 
will occur at an input of y 2 LSB (15.63mV 
with a Vref of 2.0V). Subsequent transi¬ 
tions will occur at nominal increments of 
1 LSB. The last transition (to full scale- 
mill) will occur at 62.5 LSB (1.953V at 
Vref of 2.0V). 


LAYOUT PRECAUTIONS 

Analog ground (pin 4) and Digital ground 
(pin 5) are not connected internally and 
should be connected together as close to 
the device as possible, for optimum per¬ 
formance. The circuit will operate with as 
much as ± 200mV between the two 
grounds but some degradation will occur. 
The leads to the analog inputs should be 
kept as short as possible to minimize 
noise pickup. Input bypass capacitors 
from the analog inputs to ground will 
eliminate noise pickup. Power supplies 
should be decoupled with at least VF 
located close to the device to minimize 
noise spikes. 


TIMING DIAGRAM 


\ _I- LT~ 


EOC 


DATA 

OUTPUTS 


HIGH 

IMPEDANCE 


LJ 


DATA 

READY 


J 


■<IZ> 


HIGH 
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HIGH 
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y MPEDi 
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DATA 
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Figure 1 


IDEAL TRANSFER CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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8-BIT /xP-COMPATlBLE D/A CONVERTER - CURRENT OUTPUT NE/SE5118 


DESCRIPTION 

The NE6118 is a high-speed 8-bit digital to 
analog converter subsystem on one mono¬ 
lithic chip. The data inputs have input 
latches, controlled by a latch enable pin. 
The data and latch enable inputs are ultra- 
lo\w loading for easy interfacing vi/ith all logic 
systems. The latches appear transparent 
when the LE input is in the low state. When 
LE goes high, the input data present at the 
moment of transition is latched and retained 
until LE again goes low. This feature allows 
easy compatibility with most micro¬ 
processors. 

The chip also comprises a stable voltage 
reference (5V nominal). The voltage refer¬ 
ence may be externally trimmed with a po¬ 
tentiometer for easy adjustment of full scale, 
while maintaining a low temperature co-effi¬ 
cient. 

The output has high voltage compliance in¬ 
creasing versatility. 


FEATURES 

• 8-bit resolution 

• Input latches 

• Low-loading data inputs 

• On-chip voltage reference 

• Fast settling output current—200ns 

• Accurate to ± 1/2 LSB (.19%) 

• Monotonic to 8 bits 

• Reference short-circuit protected 

• Compatible with 8086, 6800 and many 
other AiP’s 


APPLICATIONS 

• Precision 8-bit D/A converters 

• A/D converters 

• Programmable power supplies 

• Test equipment 

• Measuring instruments 

• Analog-digital multiplication 

• CRT display drivers 

• High-speed modems 


PIN CONFIGURATION 


F,N PACKAGE 


DIG GND/VLC [T 


221 analog GND 

DBO (LSB) [T 


111 'OUT 

DB1 [F 


2 FI ROUTI 

DB2 [T 


TFI VcC + 

DB3 [F 


m R0UT2 

DB4 [T 


m VCC- 

DBS [T 


TFI DAC COMP 

DBS [T 


Tsl REF R 

DB7 (MSB) [F 


HI 'REF 

LE QF 


TTI -Vref IN 

vref ADJ [IT 


H] Vref OUT 


TOP VIEW 
ORDER NUMBERS 

NE5118F SE5118F 

NE5118N 


BLOCK DIAGRAM 


( 1 ) 

(10) (9) (8) (7) (6) (5) (4) (3) (2) DIGITAL 

LE DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO GND/VLC 



(17) 

All R values equal 5kl2 and are thermally matched. 
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ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Vcc+ 

Positive supply voltage 

18 

V 

Vcc- 

Negative supply voltage 

-18 

V 

VlN 

Logic input voltage 

0 to 18 

V 

VrEF'N 

Voltage at Rref 

12 

V 

VrefADJ 

Voltage at Vref adjust 

0 to Vref 

V 

VSUM 

Voltage at sum node 

12 

V 

IrEFSC 

Short-circuit current 




to ground at Vref OUT 

Continuous 


Irefin 

Reference input current (Pin 14) 

3 

mA 

Pd 

Power dissipation* 




-N package 

800 

mW 


-F package 

1000 

mW 

Ta 

Operating temperature range 




SE5118 

-55 to +125 

"C 


NE5118 

0 to +70 

°C 

TsTG 

Storage temperature range 

-65 to +150 

°C 

TsOLD 

Lead soldering temperature 




(10 seconds) 

300 

°C 


‘NOTES 

For N package, derate at 120°C/W above 35°C 
For F package, derate at 75° C/W above 75°C 


DC ELECTRICAL CHARACTERISTICS Vcc+ = +15V, Vcc- = -15V, SE5i 18. - 65 °c < Ta < i 25 °c, 

NE5118. 0°C < Ta ^ 70°C unless otherwise specified. 

Typical values are specified at 25°C 


PARAMETER 

TEST CONDITIONS 

SE5118 

NE5118 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 


Resolution 


8 

8 

8 

8 

8 

8 

Bits 


Monotonicity 


8 

8 

8 

8 

8 

8 

Bits 


Relative accuracy 




±0.19 



±0.19 

%FS 

Vcc+ 

Positive supply voltage 


11.4 

15 


11.4 

15 


V 

Vcc- 

Negative supply voltage 


-11.4 

-15 


-11.4 

-15 


V 

V|N(1) 

Logic “1” input voltage 

Pin 1 = OV 

2.0 



2.0 



V 

V|N(0) 

Logic “0” input voltage 

Pin 1 = OV 



0.8 



0.8 

V 

•lN(1) 

Logic “1” input current 

Pin 1 = OV, 2V<V|fsj<18V 


0.1 

10 


0.1 

10 


l|N(0) 

Logic “0" input current 

Pin 1 = OV, -5V<V||si<0.8V 


-2.0 

-10 


-2.0 

-10 

ImA 

'fs 

Full scale output current 

Unipolar operation 

1.90 

1.992 

2.10 

1.90 

1.992 

2.10 

mA 



Vref in = s.ooov, Ta = 25 °c 








•zs 

Zero scale current 


-6 

1 

+ 6 

-6 

1 

+ 6 

mA 

Vref 

Reference 

IrEF = 1mA 

4.9 

5.0 

5.25 

4.9 

5.0 

5.25 

V 


voltage 

Ta = 25 ^c 








PSR+(out) Output power supply 

V- = -15V. 13.5V<V+< 16.5V, 


.001 

.01 


.001 

.01 

%FS/ 


rejection (+) 

external Vref IN “ 5.000V 1 







%VS 

PSR (out) Output power supply 

V+ = 15V, -13.6V<V-<-16.5V. 


.001 

.01 


.001 

.01 

%FS/ 


rejection (—) 

external Vref IN ~ 5.000V 







%vs 

tcfs 

Full scale temperature 

VreFin = 5.000V^ 


20 



20 


ppm/®C 


coefficient 









TCzs 

Zero scale temperature 

•rEF|n = 100mA2 


5 



5 


O 

E 

Q. 

Q. 


coefficient 










NOTES 

1. This is for voltage out only. See Unipolar Voltage Output schematic. 

2. This is for current output mode. 
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DC ELECTRICAL CHARACTERISTICS (Cont’d) Vcc+ = +15V, Vcc- = “15V, SE51 18 . -55°C < Ta < 125‘»C. 

NE5118. 0®C < Ta 70®C unless otherwise specified. 

Typical values are specified at 25*’C 


PARAMETER 

TEST CONDITIONS 

SE5118 

NE5118 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

iref 

Reference output current 

Note 1 



3 



3 

mA 

>REFSC 

Reference short circuit 

Ta = 25‘’C 


15 

30 


15 

30 

mA 


current 

Vref out = ov 








PSR+(ref) Reference power supply 

V- = -15V, 13.5V < V+ < 16.5V, 


.003 

.01 


.003 

.01 

%VR/ 


rejection (+) 

Iref “ 1.0mA 







%VS 

PSR“(rep) Reference power supply 

V+ = 15V, -13.5V < V- < 16.5V, 


.003 

.01 


.003 

.01 

%VR/ 


rejection (-) 

Iref = 10mA 







%VS 

TCref 

Reference voltage 

Iref = 10mA 


60 



60 


ppm/®C 


temperature coefficient 









Z|N 

DAC RrerIN input 



5.0 



5.0 


kfl 


impedance 









icc+ 

Positive supply current 

Vcc+ = 16V 


7 

14 


7 

14 

mA 

•cc- 

Negative supply current 

Vcc- = -15V 


-10 

-15 


-10 

-15 

mA 

Pd 

Power dissipation 

Iref “ 1.0mA, Vcc = ± 15V 


255 

435 


255 

435 

mW 


AC ELECTRICAL CHARACTERISTICS Vcc = ± 15V, Ta = 25”C 


PARAMETER 

TO 

FROM 

TEST CONDITIONS 

SE/NE5118 

UNIT 

Min 

Typ 

Max 

TsLH 

Settling time 

± Vz LSB 

Input 

All bits Low-to-high 



200 


ns 

TSHL 

Settling time 

± y2 LSB 

Input 

All bits High-to-low 



200 


ns 

tPLH 

Propagation delay 

Output 

Input 

All bits switched Low-to-high 



60 


ns 

IPHL 

Propagation delay 

Output 

Input 

All bits switched High-to-low 



60 


ns 

IPLSB 

Propagation delay 

Output 

Input 

1 LSB change 



60 


ns 

IPLH 

Propagation delay 

Output 

LE 

Low-to-high transition 



60 


ns 

IPHL 

Propagation delay 

Output 

LE 

High-to-low transition 



60 


ns 

Is 

Set-up time 

LE 

Input 


100 




ns 

th 

Hold time 

Input 

LE 


50 




ns 

Ipw 

Latch enable pulse width 




150 




ns 


NOTES 

1. For reference currents > 3mA, use of an external buffer is required. 
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8-BIT uP-COMPATIBLE D/A CON VERIER-CURRENT OUTPUT 


NE/SE5118 


BIPOLAR OUTPUT OPERATION -1mA TO +1mA) 


UNIPOLAR VOLTAGE OUTPUT (0 


10 


DIG. GND 1 

15 REF ft 

12 Vref out 

20 ROUTI 

5118 

ANA. GNO 22 

iivrefadj 

OACCOMP. 


•out 21 


9876543 2 

19 


DIG. GND 1 

15 REFr 

ANA. GNO 22 

12 Vref out 

11 Vref adj 

118 

ROUTI 20 

DAC COMP. 

lOUT 21 

16 17 

14 13 


FAST VOLTAGE OUTPUT 




DIG. GNO 1 

REFr 


ANA. GNO 22 

Vref out I 


5118 

R0UT2 

ROUTI20 


TX' 

o.oiu j) -jrO y 
vcc-" 

lOTE 

“TT" 

NC lb- 

hi-zload| 1 

O50KU) 1_J 

DATA INPUT CODE 

VOLTAGE OUTPUT (PIN 21) 

00000000 

+ 10V 

OV 

11111111 

OV 

-10V 

I Pin 20 tied to + 10V I Pin 20 tied to OV 
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8-BIT jiiP-COMPATIBLE D/A CONVERTER-CURRENT OUTPUT NE/SE5119 


DESCRIPTION 

The NE5119 is a high-speed 8-bit digital to 
analog converter subsystem on one mono¬ 
lithic chip. The data inputs have input 
latches, controlled by a latch enable pin. 
The data and latch enable inputs are ultra- 
low loading for easy interfacing with all logic 
systems. The latches appear transparent 
when the LE input is in the low state. When 
LE goes high, the input data present at the 
moment of transition is latched and retained 
until LE again goes low. This feature allows 
easy compatibility with most micro¬ 
processors. 

The chip also comprises a stable voltage 
reference (6V nominal). The voltage refer¬ 
ence may be externally trimmed with a po¬ 
tentiometer for easy adjustment of full scale, 
while maintaining a low temperature co-effi¬ 
cient. 

The output has high voltage compliance in¬ 
creasing versatility. 


FEATURES 

• 8-bit resolution 

• input latches 

• Low-loading data inputs 

• On-chip voltage reference 

• Fast settling output current—200ns 

• Accurate to ±1/4 LSB (.1%) 

• Monotonic to 8 bits 

• Reference short-circuit protected 

• Compatible with 8086, 6800 and many 
other mP’s 


APPLICATIONS 

• Precision 8-bit D/A converters 

• A/D converters 

• Programmable power supplies 

• Test equipment 

• Measuring instruments 

• Analog-digital multiplication 

• CRT display drivers 

• High-speed modems 


PIN CONFIGURATION 


F,N PACKAGE 

DIG GND/VLC [T 


22 ] ANALOG GND 

DBO (LSB) [T 


m 'OUT 

DB1 [T 


Routi 

DB2 


13 Vcc + 

DB3 [V 


J1] R0UT2 

DB4 [T 


IDvcc- 

DBS [T 


"iFl DAC COMP 

DBS [F 


lil REF R 

DB7 (MSB) [T 


13 'REF'N 

d [ly 


Tsl -Vref in 

vref ADJ QT 


H] Vref OUT 


TOP VIEW 


ORDER NUMBERS 

NE5119F SE5119F 


NE5119N 



BLOCK DIAGRAM 


( 1 ) 

(10) (9) (8) (7) (6) (5) (4) (3) (2) DIGITAL 

LE DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO GND/VLC 



(17) 


All R values equal 5ki2 and are thermally matched. 


Figure 1 
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8-BIT iitP-COMPATIBLE D/A CONVERTER - CURRENT OUTPUT NE/SE5119 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Vcc+ 

Positive supply voltage 

18 

V 

Vcc- 

Negative supply voltage 

-18 

V 

V|N 

Logic input voltage 

0 to 18 

V 

VrefIN 

Voltage at Rref 

12 

V 

VrefADJ 

Voltage at Vref adjust 

0 to Vref 

V 

VSUM 

Voltage at sum node 

12 

V 

‘refsc 

Short-circuit current 




to ground at Vref OUT 

Continuous 


IREFin 

Reference input current (Pin 14) 

3 

mA 

Pd 

Power dissipation * 




-N package 

800 

mW 


-F package 

1000 

mW 

ta 

Operating temperature range 




SE5119 

-55 to +125 

°C 


NE5119 

0 to +70 

°C 

TsTG 

Storage temperature range 

-65 to +150 

°C 

TsOLD 

Lead soldering temperature 




(10 seconds) 

300 

°C 


•NOTES 

For N package, derate at 120°C/W above 35°C 
For F package, derate at 75° C/W above 75°C 


DC ELECTRICAL CHARACTERISTICS Vcc+ = +15V, Vcc- = -15V. SE5119 -55°c < Ta < 125°C. 

NE5119. 0°C < Ta < 70°C unless otherwise specified. 

Typical values are specified at 25°C 


PARAMETER 

TEST CONDITIONS 

SE5119 

NE5119 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 


Resolution 


8 

8 

8 

8 

8 

8 

Bits 


Monotonicity 


8 

8 

8 

8 

8 

8 

Bits 


Relative accuracy 




±0.1 



±0.1 

%FS 

Vcc+ 

Positive supply voltage 


11.4 

15 


11.4 

15 


V 

Vcc- 

Negative supply voltage 


-11.4 

-15 


-11.4 

-15 


V 

V|N(1) 

Logic “1" input voltage 

Pin 1 = OV 

2.0 



2.0 



V 

V|N(0) 

Logic “0” input voltage 

Pin 1 = OV 



0.8 



0.8 

V 

l|N(1) 

Logic “1" input current 

Pin 1 = OV, 2 V<V|n<18V 


0.1 

10 


0.1 

10 

aA 

l|N(0) 

Logic “0" input current 

Pin 1 = OV, -5 V<V|n<0.8V 


-2.0 

-10 


-2.0 

-10 

jiA 

'fs 

Full scale output current 

Unipolar operation 

1.90 

1.992 

2.10 

1.90 

1.992 

2.10 

mA 



Vref in “ s.ooov, Ta = 25‘^c 








•zs 

Zero scale current 



1 



1 


mA 

Vref 

Reference 

IrEF = 1mA 

4.9 

5.0 

5.25 

4.9 

5.0 

5.25 

V 


voltage 

Ta = 25®C 








PSR+(out) Output power supply 

V- = -15V, 13.5V<V+< 16.5V, 


.001 

.01 


.001 

.01 

%FS/ 


rejection (+) 

external Vref IN “ 6.000V 







%VS 

PSR (out) Output power supply 

V+ = 15V, -13.5V<V-<-16.5V, 


.001 

.01 


.001 

.01 

%FS/ 


rejection (-) 

external Vref IN 5.000V 







%VS 

TCfs 

Full scale temperature 

VreFin = 5.000V^ 


20 



20 


ppm/°C 


coefficient 









TCzs 

Zero scale temperature 

•rEF|n = 100mA2 


5 



5 


ppm/°C 


coefficient 










NOTES 

1. This is for voltage out only. See Unipolar Voltage Output schematic 

2. This is for current output mode 
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8-BIT ,iP-COMPATIBLE D/A CONVERTER-CURRENT OUTPUT NE/SE5119 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Vcc+ = +15V, Vcc” = -15V. SE5119. -55®C < Ta < 125°C, 

NE5119. 0®C < Ta 70®C unless otherwise specified. 

Typical values are specified at 25‘’C 



PARAMETER 

TEST CONDITIONS 

SE5119 

NE5119 

UNIT 


Min 

Typ 

Max 

Min 

Typ 

Max 




•ref 

Reference output current 

Note 1 



3 



3 

mA 

•refsc 

Reference short circuit 

Ta = 25®c 


15 

30 


15 

30 

mA 


current 

Vref out = ov 








PSR+(ref) Reference power supply 

V- = -16V, 13.5V < V+ < 16.5V, 


.003 

.01 


.003 

.01 

%VR/ 


rejection (+) 

IrEF == 1.0mA 







%VS 

PSR--(reF) Reference power supply 

V+ = 15V, -13.5V < V- < 16.5V, 


.003 

.01 


.003 

.01 

%VR/ 


rejection (“) 

IrEF == 1.0mA 







%VS 

TCref 

Reference voltage 
temperature coefficient 

IrEF = 1.0mA 


60 



60 


ppm/®C 

Z|N 

DAC RpEpIN input 
impedance 



5.0 



5.0 



•cc+ 

Positive supply current 

Vcc+ = 15V 


7 

14 


7 

14 

mA 

•cc- 

Negative supply current 

Vcc-=-15V 


-10 

-15 


-10 

-15 

mA 

Pd 

Power dissipation 

•ref 1.0mA, Vqc = ± 15V 


255 

435 


255 

435 

mW 


AC ELECTRICAL CHARACTERISTICS Vcc = ± 15V, Ta = 25'>c 


PARAMETER 

TO 

FROM 

TEST CONDITIONS 

SE/NE5119 

UNIT 

Min 

Typ 

Max 

Tsih 

Settling time 

± Vs LSB 

Input 

All bits Low-to-high 



200 


ns 

tshl 

Settling time 

± Vs LSB 

Input 

All bits High-to-low 



200 


ns 

tPLH 

Propagation delay 

Output 

Input 

All bits switched Low-to-high 



60 


ns 

IPHL 

Propagation delay 

Output 

Input 

All bits switched High-to-low 



60 


ns 

IPLSB 

Propagation delay 

Output 

Input 

1 LSB change 



60 


ns 

tPLH 

Propagation delay 

Output 

LE 

Low-to-high transition 



60 


ns 

IPHL 

Propagation delay 

Output 

LE 

High-to-low transition 



60 


ns 

ts 

Set-up time 

LE 

Input 


100 




ns 

th 

Hold time 

Input 

LE 


50 




ns 

tpw 

Latch enable pulse width 




150 




ns 


NOTES 

1. For reference currents > 3mA, use of an external buffer is required. 
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8-BIT /.P-COMPATIBLE D/A CONVERTER-CURRENT OUTPUT NE/SE5119 


BIPOLAR OUTPUT OPERATION (-1mA TO +1mA) 

MSB LSB 


UNIPOLAR VOLTAGE OUTPUT (0 —+10V) 

VCC+ 


I 98765432 

r 

15 REFr 


DIG. GNO 1| 
ANA. GND 2 
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SAMPLE AND HOLD CIRCUITS-SYMBOLS AND DEFINITIONS 


Acquisition Time 

The time required to acquire a new analog input voltage with an 
output step of 10V. Note that acquisition time is not just the time 
required for the output to settle, but also includes the time required 
for all internal nodes to settle so that the output assumes the proper 
value when switched to the hold mode. 

Aperture Deiay Time 

The time elapsed from the hold command to the opening of the 
switch. 

Aperture Jitter 

Also called “aperture uncertainty time”, it’s the time variation or 
uncertainty with which the switch opens, or the time variation in 
aperture delay. 

Aperture Time 

The delay required between “hold” command and an input analog 
transition, so that the transition does not affect the hold output. 

Effective Aperture Deiay 

The time difference between the hold command and the time at 
which the input signal is at the held voltage. 

Figure Of Merit 

The ratio of the available charging current during sample mode to 
the leakage current during hold mode. 

Hold-Mode Droop 

The output voltage change per unit of time while in hold. Commonly 
specified in V/s, mV/^s or other convenient units. 

Hold-Mode Feed Through 

The percentage of an input sinusoidal signal that is measured at the 
output of a sample-hold when it’s in hold mode. 


Hold Settling Time 

The time required for the output to settle within ImV of final value 
after the “hold” logic command. 

Sampie-To-Hold Offset Error 

The difference in output voltage between the time the switch starts 
to open, and the time when the output has settled completely. It is 
caused by charge being transferred to the hold capacitor switch as 
it opens. 

Slew Rate 

The fastest rate at which the sample & hold output can change 
(specified in V/^us). 

Hold Step 

The voltage step at the output of the sample and hold when switch¬ 
ing from sample mode to hold mode with a steady (dc) analog input 
voltage. Logic swing is 5V. 

Dynamic Sampling Error 

The error introduced into the held output due to a changing analog 
Input at the time the hold command is given. Error is expressed in 
mV with a given hold capacitor value and input slew rate. Note that 
this error term occurs even for long sample times. 

Gain Error 

The ratio of output voltage swing to input voltage swing in the 
sample mode expressed as a percent difference. 

Threshold 

Level shall be defined as that level which causes the switch control 
to change state. 
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MONOLITHIC SAMPLE AND HOLD CIRCUIT 


LF398 


DESCRIPTION 

The Signetics LF398 is a monolithic sample 
and hold circuit which utilizes high-voltage 
lon-Inplant JFET technology to obtain ultra- 
high dc accuracy with fast acquisition of sig¬ 
nal and low droop rate. Operating as a unity 
gain follower, dc gain accuracy is 0.004% 
typical and acquisition time is as low as 6fxs 
to 0.01%. A bipolar input stage is used to 
achieve low offset voltage and wide 
bandwidth. Input offset adjust is accom¬ 
plished with a single pin and does not de¬ 
grade input offset drift. The wide bandwidth 
allows the LF398 to be included inside the 
feedback loop of 1MHz op amps without 
having stability problems. Input impedance 
of 10^012 allows high source impedances to 
be used without degrading accuracy. 

P-channel junction FET’s are combined with 
bipolar devices in the output amplifier to 
give droop rates as low as SmV/min with a 
l/iF hold capacitor. The JFET’s have much 
lower noise than MOS devices used in pre¬ 
vious designs and do not exhibit high tem¬ 
perature instabilities. The overall design 
guarantees no feed-through from input to 
output in the hold mode even for input sig¬ 
nals equal to the supply voltages. 

Logic inputs on the LF398 are fully differen¬ 
tial with low input current, allowing direct 
connection to TTL, PMOS, and CMOS. Dif¬ 
ferential threshold is 1.4V. The LF398 will 
operate from ±5V to ±18V supplies. It is 
available In an 8-lead TO-5 package or an 8- 
pin plastic DIP. 


FEATURES 

• Operates from ±5V to ± 18V supplies 

• Less than 10/its acquisition time 

• TTL, PMOS, CMOS compatible logic 
input 

• 0.5mV typical hold step at = O.OImF 

• Low input offset 

• 0.002% gain accuracy 

• Low output noise in hold mode 

• Input characteristics do not change 
• during hold mode 

• High supply rejection ratio in sample or 
hold 

• Wide bandwidth 

• The LF398 is ideally suited for a wide 
variety of sample and hold applications 
including data acquisition, analog to 
digital conversion, synchronous 
demodulation, and automatic test 
setup. 


PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 

± 18 

V 

Power dissipation (package limitation)^ 

Operating ambient temperature range 

600 

mW 

LF398 

Oto +70 

°C 

Storage temperature range 

-65 to +150 

°C 

Input voltage 

Equal to 
supply voltage 


Logic to logic reference 
differential voltage^ 

+7, -30 

V 

Output short circuit duration 

Indefinite 


Hold capacitor short circuit duration 

10 

sec 

Lead temperature (soldering, lOsec) 

300 



FUNCTIONAL DIAGRAM 


TYPICAL APPLICATIONS 



v+ 


9~ 



ANALOG INPUT O-^ 

S/H OUTPUT 



SAMPLE 5V-1-— 

LOGIC 

INPUT 

hold OV-1 



OFFSET 



CAPACITOR 
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MONOLITHIC SAMPLE AND HOLD CIRCUIT 


LF398 


DC ELECTRICAL CHARACTERISTICS Unless otherwise specified, the following conditions apply. Unit is in “sample” mode, 

Vs = ±15V, Tj = 25®C, -11.5V < V|n < + 11.5V, Ch = O.OlAtF, and Rl = lOkfi. Logic 
reference voltage = OV and logic voltage = 2.5V. 


PARAMETER 

TEST CONDITIONS 

LF398 

UNIT 

Min 

Typ 

Max 

Input offset voltage^ 

Tj = 25®C 

Full temperature range 


2 

7 

10 

mV 

mV 

Input bias current^ 

Tj = 25-0 

Full temperature range 


10 

50 

100 

nA 

nA 

Input impedance 

Tj = 25‘*C 


10^0 


Q 

Gain error 

Tj = 25°C, Rl = 10K 

Full temperature range 


0.004 

0.01 

0.02 

% 

% 

Feedthrough attenuation ratio at 1kHz 

Tj = 25°C, Ch = O.OImF 

80 

90 


dB 

Output impedance 

Tj = 25°C, "HOLD” mode 

Full temperature range 


0.5 

4 

6 

ft 

ft 

"HOLD” step'* 

Supply current® 

Tj = 25°C, Ch = O.OI/iF, VoUT = 0 

Tj > 25®C 


1.0 

4.5 

2.5 

6.5 

mV 

mA 

Logic and logic reference input current 

Tj = 25‘’C 


2 

10 

mA 

Leakage current into hold capacitor® 

Tj = 25‘’C® 

Hold mode 


30 

200 

pA 

Acquisition time to 0.1% 

AVoUT = 10V, Ch = lOOOpF 

Ch = O.OIjtiF 


4 

20 


MS 

MS 

Hold capacitor charging current 

V|N-V0UT = 2V 


5 


mA 

Supply voltage rejection ratio 

VoUT = 0 

80 

110 


dB 

Differential logic threshold 

Tj = 25‘’C 

0.8 

1.4 

2.4 

V 


NOTES 

1. The maximum junction temperature of the LF398 is 150°C. When operating at elevated 
ambient temperature, the TO-5 and plastic DIP packages must be derated based on a 
thermal resistance (0jA) of 150°C/W. 

2. Although the differential voltage may not exceed the limits given, the common-mode 
voltage on the logic pins may be equal to the supply voltages without causing damage 
to the circuit. For proper logic operation, however, one of the logic pins must always be 
at least 2V below the positive supply and 3V above the negative supply. 

3. Unless otherwise specified, the following conditions apply. Unit is in “sample” mode. 
Vs = ± 15V, Tj = 25“C, -11.5V < Vj^ < + 11.5V, C^ = O.OI/iF, and Rl = 10k. Logic 
reference voltage = OV and logic voltage = 2.5V. 

4. Hold step is sensitive to stray capacitive coupling between input logic signals and the 
hold capacitor. IpF, for instance, will create an additional 0.5mV step with a 5V logic 
swing and a 0.01/iF hold capacitor. Magnitude of the hold step is inversely proportional 
to hold capacitor value. 

5. Leakage current is measured at a junction temperature of 25“C. The effects of junction 
temperature rise due to power dissipation or elevated ambient can be calculated by 
doubling the 25°C value for each 11’’C increase in chip temperature. Leakage is 
guaranteed over full input signal range. 

6. The parameters guaranteed over a supply voltage of ±5 to ± 18V. 
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LF398 


TYPICAL AC PERFORMANCE CHARACTERISTICS (cont d) 


DYNAMIC SAMPLING ERROR 


OUTPUT DROOP RATE 


“HOLD” SETTLING TIME 


0.1 1 10 100 1000 

INPUT SLEW RATE (V/ms) 


lOOpF lOOOpF 0.0 VF O.I/iF l^iF 

HOLD CAPACITOR 


_ V+ = V“ = 15V _ 
SETTLING TO ImV 



-50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


PHASE AND GAIN 

(INPUT TO OUTPUT, SMALL SIGNAL) 


-Ch 







_ 



10K 100K II 

FREQUENCY (Hz) 


POWER SUPPLY REJECTION 


Tj = 25°C 

140 -v+ = v- = 15V- 
VOUT = OV 


OUTPUT NOISE 


10K 100K 

FREQUENCY (Hz) 



10 100 IK 10K 100K 

FREQUENCY (Hz) 


FEEDTHROUGH REJECTION RATIO 
(HOLD MODE) 


v+ 

= V- 

= 15V 


v|N - iwvp.p-i 


n- 






Tv 












1 10 100 IK 10K 100K 1M 

FREQUENCY (Hz) 
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MONOLITHIC SAMPLE AND HOLD CIRCUIT 

LF398 

TYPICAL DC PERFORMANCE CHARACTERISTICS 



INPUT BIAS CURRENT 


OUTPUT SHORT CIRCUIT CURRENT 


GAIN ERROR 





-50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE ("C) 


-25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


INPUT VOLTAGE (V) 


HOLD STEP 


LEAKAGE CURRENT INTO 
HOLD CAPACITOR 


HOLD STEP INPUT VOLTAGE 





lOOpF lOOOpF O.OI/uF O.I/iF VF 

HOLD CAPACITOR 


-50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


INPUT VOLTAGE (V) 


TYPICAL AC PERFORMANCE CHARACTERISTICS 
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SAMPLE AND HOLD AMPLIFIER 


NE/SE5537 


DESCRIPTION 

The NE5537 monolithic Sample and Hold 
amplifier combines the best features of ion 
implanted JFET’s with bipolar devices to ob¬ 
tain high accuracy, fast acquisition time, 
and low droop rate. This device is pin com¬ 
patible with the LF198, and features supe¬ 
rior performance in droop rate and output 
drive capability. The circuit shown in Figure 
1 contains two operational amplifiers which 
function as a unity gain amplifier in the Sam¬ 
ple mode. The first amplifier has bipolar in¬ 
put transistors which gives the system a low 
offset voltage. The second amplifier has 
JFET input transistors to achieve low leak¬ 
age current from the hold capacitor. A 
unique circuit design for leakage current 
cancellation using current mirrors gives the 
NE5537 a low droop rate at higher tempera¬ 
ture. The output stage has the capability to 
drive a 2K12 load. The logic input is compati¬ 


ble with TTL, PMOS or CMOS logic. The dif¬ 
ferential logic threshold is 1.4V with the 
Sample mode occurring when the logic input 
is high. It is available in 8-lead TO-5 and 8- 
pin plastic DIP packages. 

FEATURES 

• Operates from ±5V to ± 18V supplies 

• Hold leakage current 6pA @ Tj25X 

• Less than 10^8 acquisition time 

• TTL, PMOS, CMOS compatible logic 
input 

• O.SmV typical hold step at Ch = O.OImF 

• Low input offset: 1MV (typical) 

• 0.002% gain accuracy with R|_ = 2kl2 

• Low output noise in hold mode 

• Input characteristics do not change 
during hold mode 

• High supply rejection ratio in sample or 
hold 

• Wide bandwidth 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 

± 18 

V 

Power dissipation (package limitation)^ 
Operating ambient temperature range 

500 

mW 

SE5537 

-55 to +125 

°C 

NE5537 

0 to +70 

°C 

Storage temperature range 

-65 to +150 

°C 

Input voltage 

Equal to supply 
voltage 


Logic to logic reference differential voltage^ 

+ 

1 

CO 

o 

V 

Output short circuit duration 

Indefinite 


Hold capacitor short circuit duration 

10 

sec 

Lead temperature (soldering, lOsec) 

300 

°C 


NOTES 


1. The maximum junction temperature of the SE5537 is 150°C and for the NE5537 
i8lOO°C. When operating at elevated ambient temperature, the TO-5 and plastic DIP 
packages must be derated based on a thermal resistance (dja) of 150‘’C/W. 

2. Although the differential voltage may not exceed the limits given, the common mode 
voltage on the logic pins may be equal to the supply voltages without causing damage 
to the circuit. For proper logic operation, however, one of the logic pins must always 
be at least 2V below the positive supply and 3V above the negative supply. 


PIN CONFIGURATION 


h 

PACKAGE 


v-f- [T 


“FI LOGIC 

OFFSET rj" 
ADJUST 1- 


“TT LOGIC 
-' REFERENCE 

INPUT [T 


T] Ch 

V- [T 


Tl OUTPUT 


TOP VIEW 

ORDER NUMBERS 

NE/SE5537N 

H PACKAGE 
Metal Can Package 


LOGIC 



ORDER NUMBERS 

NE/SE5537-H 


BLOCK DIAGRAM 
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ELECTRICAL CHARACTERISTICS3 


PARAMETER 

TEST CONDITIONS 

SE5537 

NE5537 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input offset voltage® 

Tj = 26®C 


1 

3 


2 

7 

mV 


Full temperature range 



5 



10 

mV 

Input bias current® 

Tj = 25^C 


5 

25 


10 

50 

nA 


Full temperature range 



75 



100 

nA 

Input impedance 

Tj * 25®C 


1010 



1010 


Q 

Gain error 

Tj - 26«C. 


0.002 

0.007 


0.004 

0.01 

% 


-10V < V|N < 10V, Rl = 2K 









-11.5V < V|N < 11.5V, 









Rl = 10K 









Full temperature range 



0.02 



0.02 

% 

Feedthrough attenuation ratio at 1kHz 

Tj = 25®C, Ch = 0.01/i*F 

86 

96 


80 

90 


dB 

Output impedance 

Tj = 25®C, “HOLD” mode 


0.5 

2 


0.5 

4 



full temperature range 



4 



6 


“HOLD" Step4 

Tj = 25‘’C, Ch = O.OImF, 


0.5 

2.0 


1.0 

2.5 

mV 


VOUT = 0 








Supply current® 

Tj=25°C 


4.5 

6.5 


4.5 

7.5 

mA 

Logic and logic reference 
input current 

Tj = 25®C 


2 

10 


2 

10 

mA 

Leakage current into hold capacitor® 

Tj = 25®C hold mode® 


6 

50 


6 

100 

pA 

Acquisition time to 0.1 % 

VoUT = 10V. 

Ch = lOOOpF 


4 



4 


AiS 


Ch = 0.01/if 


20 



20 


/iS 

Hold capacitor charging current 

V|N - VoUT = 2V 


5 



5 


mA 

Supply voltage rejection ratio 

VoUT = 0 

80 

110 


80 

110 


dB 

Differential logic threshold 

Tj = 25°C 

0.8 

1.4 

_1 

2.4 

0.8 

_1 

1.4 

2.4 

_1 

V 


NOTES 

3. Unless otherwise specified, the following conditions apply. Unit is in “sample” mode, 

Vs = ± 15V. Tj = 25°C, -11.5V < V|N < 11.5V, = O.OImF. and R|_ = 2kQ. Logic 

reference voltage = OV and logic voltage = 2.5V. 

4. Hold step is sensitive to stray capacitive coupling between input logic signals and the 
hold capacitor. IpF, for instance, will create an additional 0.5mV step with a 5V logic 
swing and a 0.01F hold capacitor. Magnitude of the hold step is inversely proportional 
to hold capacitor value. 


5. Leakage current is measured at a junction temperature of 25°C. The effects of 
junction temperature rise due to power dissipation or elevated ambient can be caicu- 
lated by doubiing the 25‘’C value for each 11‘’C increase in chip temperature. Leak¬ 
age is guaranteed over full input signal range. 

6. These parameters guaranteed over a supply voltage range of ±5 to ± 18V. 


TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont d) 



GAIN ERROR 



INPUT VOLTAGE (V) 


HOLD STEP vs INPUT 
VOLTAGE 



-15 -10 -5 0 5 10 15 

INPUT VOLTAGE (V) 


CAPACITOR HYSTERESIS 



HOLD STEP 



lOOpF lOOOpF O.OI^F O.I/uF VF 

HOLD CAPACITOR 


ACQUISITION TIME 



0.001 0.01 

HOLD CAPACITOR (mF) 



LEAKAGE CURRENT INTO 
HOLD CAPACITOR 



-50 -25 0 25 50 75 100 125 150 

JUNCTIONTEMPERATURE (®C) 


APERTURE TIME 



-50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 



INPUT SLEW RATE (V/ms) 


lOOpF lOOOpF O.OImF O.VF I^F 
HOLD CAPACITOR 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont’d) 



“HOLD” SETTLING TIME 



-50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (®C) 


PHASE AND GAIN (INPUT 



10K 100K II 

FREQUENCY (Hz) 


POWER SUPPLY REJECTION 



OUTPUT NOISE 

160 
140 

120 
ll 100 
S 80 

5 60 

40 

20 

0 

10 100 IK 10K 100K 

FREQUENCY (Hz) 


FEEDTHROUGH REJECTION 
RATIO (HOLD MODE) 

-130 
-120 

-110 

_ -100 
s 

g -90 

I 

-80 
-70 

-60 
-50 

1 10 100 IK 10K 100K 1M 

FREQUENCY (Hz) 


APERTURE TIME: The delay required be¬ 
tween “hold” command and an input analog 
transition, so that the transition does not 
affect the held output. 

BANDWIDTH: The frequency at which the 
gain is down 3dB from its dc value. It’s mea¬ 
sured in sample (track) mode with a small- 
signal sine wave that doesn’t exceed the 
slew rate limit. 

EFFECTIVE APERTURE DELAY: The time 
difference between the hold command and 
the time at which the input signal is at the 
held voltage. 

FIGURE OF MERIT: The ratio of the avail¬ 
able charging current during sample mode to 
the leakage current during hold mode. 




SAMPLE AND HOLD 
INTRODUCTION 

For many years designers have used the 
sample and hold (or track and hold) to oper¬ 
ate on analog information in a time frame 
which is expedient. 

By sampling a segment of the information 
and holding it until the proper timing for con¬ 
verting to some form of control signal or 
readout allows the designer certain freedom 
in performing predetermined manipulative 
functions. Therefore, the sample and hold 
can be defined as a “selective analog mem¬ 
ory cell”. 

The memory is volatile and will also decay 
with time. 

When using the sample and hold method for 
evaluating signal information, the designer 
is given the added feature of eliminating out¬ 
side noise elements. With the analog to digi¬ 
tal converter products available today the 
“dc memory” of the sample and hold can be 


easily converted to digital format and further 
incorporated into microprocessor based 
systems. 

Parametric evaluation of the sample 
and hold will be discussed in the following 
paragraphs. 

DEFINITION OF TERMS 

ACQUISITION TIME: The time required to 
acquire a new analog input voltage with an 
output step of 10V. Note that acquisition 
time is not just the time required for the out¬ 
put to settle, but also includes the time re¬ 
quired for ail internal nodes to settle so that 
the output assumes the proper value when 
switched to the hold mode. 

APERTURE DELAY TIME: The time 
elapsed from the hold command to the open¬ 
ing of the switch. 

APERTURE JITTER: Also called “aperture 
uncertainty time", it’s the time variation or 
uncertainty with which the switch opens, or 
the time variation in aperture delay. 


HOLD-MODE DROOP: The output voltage 
change per unit of time while in hold. Com¬ 
monly specified in V/s, juV/^s or other con¬ 
venient units. 

HOLD-MODE FEEDTHROUGH: The per¬ 
centage of an input sinusoidal signal that is 
measured at the output of a sample-hold 
when it’s in hold mode. 

HOLD SETTLING TIME: The time required 
for the output to settle within ImV of final 
value after the “hold” logic command. 

SAMPLE-TO-HOLD OFFSET ERROR: The 

difference in output voltage between the 
time the switch starts to open, and the time 
when the output has settled completely. It is 
caused by charge being transferred to the 
hold capacitor switch as it opens. 

SLEW RATE: The fastest rate at which the 
sample & hold output can change (specified 
in V/jus). 

HOLD STEP: The voltage step at the output 
of the sample and hold when switching from 
sample mode to hold mode with a steady 
(dc) analog input voltage. Logic swing is 5V. 
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DYNAMIC SAMPLING ERROR: The error 
introduced into the held output due to a 
changing analog input at the time the hold 
command is given. Error is expressed in mV 
with a given hold capacitor value and input 
slew rate. Note that this error term occurs 
even for long sample times. 

GAIN ERROR: The ratio of output voltage 
swing to input voltage swing in the sample 
mode expressed as a percent difference. 

THRESHOLD: Level shall be defined as 
that level which causes the switch control to 
change state. 

BASIC BLOCK DIAGRAM 

The basic circuit concept of the sample and 
hold circuit incorporates the use of two (2) 
operational amplifiers and a switch control 
mechanism (which determines sample, hold 
or track conditions). Reference figure 1. 

The block diagram of the NE6537 is a 
closed loop non-inverting unity gain sample 
and hold system. The input buffer amplifier 
supplies the current necessary to charge 
the hold capacitor, while the output buffer 
amplifier closes the loop such that the 
output voltage is identical to the input volt¬ 
age (with consideration for input offset volt¬ 
age, offset current, and temperature vari¬ 
ations which are common to all sample and 
hold circuits, be they monolithic, hybrid or 
modular). 

When the sampling switch is open (in the 
hold mode) the clamping diodes close the 
loop around the input amplifier to keep it 
from being overdriven into saturation. 

The switch control is driven by external logic 
levels via a timing sequence remote from the 
sample and hold device. Reference figure 2. 
The switch control has a floating reference 
(pin 7), referred to as the logic reference 
which makes the sample and hold device 
compatible to several types of external log¬ 
ic signals (TTL, PMOS, & CMOS). The 
switching device operates at a threshold 
level of 1.4V. 

The switch mechanism is on (sampling an 
information stream) when the logic level is 
high (pin 8 is 1.4 volts higher than pin 7) and 
presents a load of 5 microamperes to the 
input logic signal. The analog sampled sig¬ 
nal is amplified, stored (in the external hold¬ 
ing capacitor), and buffered. At the end of 
the sampling period the internal switch 
mechanism turns off (switch opens) and the 
“stored analog memory” information on the 
external capacitor (pin 6) is loaded down by 
an operational amplifier connected in the 
unity gain non-inverting configuration. This 


amplifier, whose input impedance is effec- 

tively: 

R 

= R|n(Aol)/(1 + 1/A) 

where 

R 

= Effective input impedance 


R|N 

= Open loop input impedance 


Aql 

= Open loop gain 


A 

= AC loop gain 


Therefore, the higher the open loop gain of 
the second operational amplifier, the 
larger the effective loading on the capac¬ 
itor. The larger the load, the lower the 
“leakage” current and the better the droop 
characteristics. 

In actuality the amplifiers are designed with 
special leakage current cancellation circuits 
along with FET input devices. The leakage 
current cancellation circuits give better high 
temperature operation (remember that the 
FET amplifiers double in required bias cur¬ 
rent for every 10 degree increase in junction 
temperature). 

Sampling time for the NE5537 is less than 
lO/isec, (measured to 0.1% of input signal). 
Leakage current is 6pA at a rate output load 
of 2kfi. 

BASIC APPLICATIONS 
Multiplying DAC 

As depicted in the block diagram of figure 3, 
the sample and hold circuit is used to supply 
a “variable" reference to the digital to ana¬ 
log converter. As the input reference varies, 
the output will change in accordance with 
equation 1, shown in figure 3. 

Varying the input signal reference level can 
aid the system in performing both com¬ 
pression and expansion operations. The 
multiplying DAC’s used are the Signetics 
SE/NE 5008; however, if the rate of change 
of the reference variation is kept slow 
enough a microprocessor compatible DAC 
can be incorporated, such as the NE5018 or 
the NE5020. 

DATA ACQUISITION SYSTEMS 

As mentioned earlier, the designer may wish 
to operate on several different segments of 
an “analog” signal; however he is limited by 
the fact that only one analog to digital con¬ 
verter channel is available to him. Figure 4 
shows the means by which a multiplexing 
system may be accomplished. 

APPLICATION HINTS 
Hold Capacitor 

A significant source of error in an accurate 
sample and hold circuit is dielectric absorp¬ 
tion in the hold capacitor. A mylar cap, for 


instance, may “sag back” up to 0.2% after a 
quick change in voltage. A long “soak” time 
is required before the circuit can be put 
back into the hold mode with this type of 
capacitor. Dielectrics with very low hyster¬ 
esis are polystyrene, polypropylene, and 
Teflon. Other types such as mica and 
polycarbonate are not nearly as good. 
Ceramic is unusable with >1% hysteresis. 
The advantage of polypropylene over poly¬ 
styrene is that it extends the maximum ambi¬ 
ent temperature from 86®C to 100®C. The 
hysteresis relaxation time constant in poly¬ 
styrene, for Instance, is 10-50ms. If A-to-D 
conversion can be made within 1ms, hyster¬ 
esis error will be reduced by a factor of ten. 

DC Zeroing 

DC Zeroing is accomplished by connecting 
the offset adjust pin to the wiper of a IkQ 
potentiometer which has one end tied to V*" 
and the other end tied through a resistor to 
ground. The resistor should be selected to 
give ~0.6mA through the IKfl potentio¬ 
meter. 

Sampling Dynamic Signals 

Sampling errors due to moving (changing) 
input signals are of significant concern to 
designers employing sample and hold cir¬ 
cuits. There exist finite phase delays 
through the sample and hold circuit causing 
an input-output phase differential for moving 
signals. In addition, the series protection re¬ 
sistor (300(2 to pin 6 of the NE5537) will add 
an RC time constant, over and above the 
slew rate limitation of the input 
buffer/current drive amplifier. This means 
that at the moment the “hold” command ar¬ 
rives, the hold capacitor voltage may be 
somewhat different than the actual analog 
input. The effect of these delays is opposite 
to the effect created by delays in the logic 
which switches the circuit from sample to 
hold. For example, consider an analog input 
of 20 Vp-p at 10kHz. Maximum dV/dt is 
0.6V//ts. With no analog phase delay and 
100ns logic delay, one could expect up to 
(O.l/is) (0.6V/jus) = 60mV error if the “hold” 
signal arrived near maximum dV/dt of the 
input. A positive going input would give a 
±60mV error. Now assume a 1MHz (3dB) 
bandwidth for the overall analog loop. This 
generates a phase delay of 160ns. If the 
hold capacitor sees this exact delay, then 
error due to analog delay will be (0.16/is) 
(0.6V//is) = ~96mV (analog) for a total of 
-36mV. To add to the confusion, analog de¬ 
lay is proportional to hold capacitor value 
while digital delay remains constant. A faiii- 
ily of curves (dynamic sampling error) is in¬ 
cluded to help estimate errors. 
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A curve labeled Aperture Time has been 
included for sampling conditions where the 
input is steady during the sampling period, 
but may experience a sudden change nearly 
coincident with the “hold” command. This 
curve is based on a 1mV error fed into the 
output. 

A second curve, Hold Settling Time indi¬ 
cates the time required for the output to 
settle to 1mV after the “hold” command. 

Digital Feedthrough 

Fast rise time logic signals can cause hold 
errors by feeding externally into the analog 
input at the same time the amplifier is put 
into the hold mode. To minimize this prob¬ 


lem, board layout should keep logic lines as 
far as possible from the analog input. 
Grounded guarding traces may also be used 
around the input line, especially if it is driven 
from a high impedance source. Reducing 
high amplitude logic signals to 2.5V will also 
help. 

Logic signals also couple to the hold ca¬ 
pacitor. This hold capacitor should be 
guarded by a P.C. card trace connected to 
the sample-and-hold output. This will also 
minimize board leakage. 


SPECIAL NOTES 

1. Not all definitions herein defined are 
measured parametrically for the NE5537, 
but are legitimate terms used in sample 
and hold systems. 

2. Reference should be made to Design 
Engineering, volumes 23 (Nov. 8, 1978), 
25 (Dec. 6, 1978) and 26 (Dec. 20, 1978) 
for articles written by Eugene Zuch of 
Datel Systems, Inc. for a further discus¬ 
sion of sample and hold circuits. 

3. Reference also made to National 
Semiconductor Corporation’s Special 
Functions Data Book (1976). 


TYPICAL APPLICATIONS 


TYPICAL CONNECTION 


v+ 


hjl 



ANALOG INPUT O"^ 

5537 OUTPUT 



sample 5V-r-ToGIC^ 

INPUT ^ 

HOLD OV-1 


Figure 2 


MULTIPLYING DAC APPLICATION 


5K 



ANALOG INPUT 


ANALOG DATA MULTIPLEXING 





SUCCESSIVE APPROXIMATION 
or INTEGRATING TYPE ADC 


Figure 4 
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DESCRIPTION 

The CA3081 and CA3082 are monolithic in¬ 
tegrated circuits, each consisting of seven 
separate npn transistors on a common 
substrate. The transistors are capable of 
driving loads of up to 100mA. At the same 
time, the transistor geometry used gives 
maximum current gain at quite low currents, 
making the devices also suitable for small- 
signal applications. In the CA3081, the tran¬ 
sistors are connected in a common emitter 
configuration, while in the CA3082, the col¬ 
lectors are common. The transistor arrays 
are particularly suitable for driving light- 
emitting diodes and seven-segment dis¬ 
plays, as well as for general purpose appli¬ 
cations. The CA3081 and CA3082 are avail¬ 
able in both 16-lead dual-in-line plastic and 
cerdip packages. 


FEATURES 

• Seven transistors permit a wide range 
of applications in either a common 
emitter (CA3081) or common-collector 
(CA3082) configuration. 

• High Iq: 100mA maximum 

• Low VcE sat (a* 50mA): 0.4V typical 

APPLICATIONS 

• Drivers for: 

Incandescent display devices 
LED 

Relay control 
Thyristor firing 


PIN CONFIGURATIONS 


F,N PACKAGE 

COLLECTOR [T 


Te] BASE 

COLLECTOR [T 


1?] EMITTER 

BASE [T 


jT] COLLECTOR 

COLLECTOR [T 


Ts] BASE 

SUBSTRATE 


171 COLLECTOR 

BASE [T 


IT] BASE 

COLLECTOR [T 


lo] BASE 

BASE [T 


~9~] COLLECTOR 


TOP VIEW 


ORDER NUMBERS 

CA3081F, CA3081N 

F,N PACKAGE 

EMITTER [T 


Te] BASE 

EMITTER [T 


lil COLLECTOR 

BASE [T 


HI EMITTER 

EMITTER [T 


TTl BASE 

SUBSTRATE [T 


T7| EMITTER 

BASE 


TT] BASE 

EMITTER [T 


To] BASE 

BASE [T 


~9~| EMITTER 


TOP VIEW 


ORDER NUMBERS 

CA3082F, CA3082N 


PIN DESIGNATION (CA3081) PIN DESIGNATION (CA3082) 


PIN NO. 

SYMBOL 

NAME AND FUNCTION 

1 

Cl 

Collector, Transistor 1 

2 

C2 

Collector, Transistor 2 

3 

B2 

Base, Transistor 2 

4 

C5 

Collector, Transistor 6 

5 

SUB 

Substrate 

6 

B5 

Base, Transistor 5 

7 

C7 

Collector, Transistor 7 

8 

B7 

Base, Transistor 7 

9 

C6 

Collector, Transistor 6 

10 

B6 

Base, Transistor 6 

11 

B4 

Base, Transistor 4 

12 

C4 

Collector, Transistor 4 

13 

B3 

Base, Transistor 3 

14 

C3 

Collector, Transistor 3 

15 

E 

Common emitter 

16 

B1 

Base, Transistor 1 


PIN 

SYMBOL 

NAME AND FUNCTION 

1 

El 

Emitter, Transistor 1 

2 

E2 

Emitter, Transistor 2 

3 

B2 

Base, Transistor 2 

4 

E5 

Emitter, Transistor 5 

5 

SUB 

Substrate 

6 

B5 

Base, Transistor 5 

7 

E6 

Emitter, Transistor 6 

8 

B6 

Base, Transistor 6 

9 

E7 

Emitter, Transistor 7 

10 

B7 

Base, Transistor 7 

11 

B4 

Base, Transistor 4 

12 

E4 

Emitter, Transistor 4 

13 

B3 

Base. Transistor 3 

14 

E3 

Emitter, Transistor 3 

15 

C 

Common collector 

16 

B1 

Base, Transistor 1 
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BLOCK DIAGRAM 



ABSOLUTE MAXIMUM RATINGS Ta = 25^0 


PARAMETER 

RATING 

UNIT 

P 

Power dissipation: 




Any one transistor 

500 

mW 

Ptot 

Total package 

750 

mW 


Above 55 ®C 

Derate Linearly 
6.67 

mW/®C 


Ambient temperature range: 



Ta 

Operating 

-55 to +125 

°C 

Tstg 

Storage 

Lead temperature 

-65 to +150 

®C 


(10 seconds) 

265 

®C 

VCEO 

Collector to emitter voltage^ 

16 

V 

VCBO 

Collector to base voltage^ 

20 

V 

vcio 

Collector to substrate voltage ^-2 

20 

V 

vebo 

Emitter to base voltage^ 

5 

V 

•c 

Collector current ^ 

100 

mA 

•b 

Base current^ 

20 

mA 


NOTES 

1. Ratings apply for each transistor in the device. 


TYPICAL READ-OUT DRIVER 
APPLICATIONS 

) 

O v+ 


1 SEGMENT OF 

V-/ INCANDESCENT DISPLAY 

FROM 

1/7CA3081 

DECODER 


NOTE 


Schematic diagram showing one transistor of the 
CA3081 driving one segment of an incandescent 

display. 

\ 

Figure 6 



2. The collector of each transistor of the CA3081 and CA3082 is isolated from the 
substrate by an integral diode. The substrate must be connected to a voltage which is 
more negative than any collector voltage in order to maintain isolation between transis¬ 
tors and provide normal transistor action. To avoid undesired coupling between transis¬ 
tors, the substrate terminal (5) should be maintained at either DC or signal (AC) 
ground. A suitable bypass capacitor can be used to establish a signal ground. 
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STATIC ELECTRICAL CHARACTERISTICS FOR EACH TRANSISTOR Ta = 26^0 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 

VCBO (BR) 

Collector to base breakdown voltage 

Ic = SOOfxA, Ip = 0 

20 

60 


V 

VCIO (BR) 

Collector to substrate 







breakdown voltage 

Ic = 500M, Ie = 0, Ib = 0 

20 

60 


V 

VCEO (BR) 

Collector to emitter breakdown voltage 

Ic = 1mA, 10 — 0 

16 

24 


V 

VeBO (BR) 

Emitter to base breakdown voltage 

IC = SOO/tA 

5 

6.9 


V 

hpE 

DC forward current 

VcE = 0.5V, Ic - 30mA 

30 

68 




Transfer Ratio 

VcE = 0.8V, Ic = 50mA 

40 

70 



VbE sat 

Base to emitter saturation voltage 

Ic = 30mA, Ib = 1mA 


0.87 

1.0 

V 

VCE sat 

Collector to emitter saturation voltage 







CA3081/CA3082 

Ic = 30mA, Ib = 1mA 


0.27 

0.5 

V 


CA3081 

Ic 50mA, Ib = 5mA 


0.4 

0.7 

V 


CA3082 

Ic = 50mA, Ib = 5mA 


0.4 

1 

0.8 

V 

•CEO 

Collector cutoff current 

VcE = 10V, Ib = 0 




mA 

•CBO 

Collector cutoff current 

_I 

VcB = 10V, Ie = 0 



1 

liA 


TYPICAL PERFORMANCE CHARACTERISTICS 


hpE V8 Ic 


VBEsat V8 Ic 




COLLECTOR MtLLIAMPERES dc) 


Figure 2 


Figure 3 


VcEeat IC 3* = 25‘’C 


VCEaat V8 lcatTA = 7Cy>C 




COLLECTOR MtLLIAMPERES (Ic) 


COLLECTOR MtLLIAMPERES (Ic) 


Figure 4 


Figure 5 
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DESCRIPTION 

The CA3183 is a general purpose high-volt¬ 
age silicon n-p-n transistor array on a com¬ 
mon monolithic substrate. This integrated 
circuit features a tighter control of break¬ 
down voltage, providing for applications re¬ 
quiring higher voltages. The array consists 
of five high-current transistors with indepen¬ 
dent connections for each transistor. Addi¬ 
tionally, two of the transistors (Q^ and Q 2 ) 
are matched at low-current for applications 
where offset parameters are of special im¬ 
portance. A special substrate terminal has 
also been included for greater flexibility in 
circuit design. The CA3183 is available in 
both 16-lead dual-in-line plastic and cerdip 
packages and operates over the ambient 
temperature range of —40®C to -fSS^C. 


FEATURES 

• Matched general purpose transistors 

• Vbe matched ±5mV maximum 

• High Ic : 76mA maximum 

APPLICATIONS 

• General use in signal processing systems 
in dc through VHF range 

• Custom designed differential amplifiers 

• Temperature compensated amplifiers 

• Lamp and relay drivers 

• Thyristor firing 


PIN CONFIGURATION 


F, H PACKAGE 

COLLECTOR 


'iel BASE 

COLLECTOR [T 


Tsi EMITTER 

BASE [T 


'iTl COLLECTOR 

EMITTER [T| 


m base 

SUBSTRATE [T 


I2] EMITTER 

BASE [T 


Til EMITTER 

COLLECTOR [T 


To] BASE 

EMITTER [F 


T] COLLECTOR 


TOP VIEW 


ORDER NUMBERS 

CA3183F CA3183N 


PIN DESIGNATION 


PIN NO. 

SYMBOL 

NAME AND FUNCTION 

1 

Cl 

Collector, transistor 1 

2 

C2 

Collector, transistor 2 

3 

B2 

Base, transistor 2 

4 

E2 

Emitter, transistor 2 

5 

SUB 

Substrate 

6 

B3 

Base, transistor 3 

7 

C3 

Collector, transistor 3 

8 

E3 

Emitter, transistor 3 

9 

C4 

Collector, transistor 4 

10 

B4 

Base, transistor 4 

11 

E4 

Emitter, transistor 4 

12 

E5 

Emitter, transistor 5 

13 

B5 

Base, transistor 5 

14 

C5 

Collector, transistor 5 

15 

El 

Emitter, transistor 1 

16 

B1 

Base, transistor 1 


BLOCK DIAGRAM 
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ANALOG DIVISION 


MARCH 1982 


HIGH VOLTAGE TRANSISTOR ARRAY 


CA3183 


ABSOLUTE MAXIMUM RATINGS 



PARAMETER 

RATING 

UNIT 

VCEO 

Collector-emitter voltage 

40 

V 

VCBO 

Collector-base voltage^ 

50 

V 

vcio 

Collector-substrate voltage ^-2 

50 

V 

Vebo 

Emitter-base voltage'' 

5 

V 

'C 

Collector current'' 

75 

mA 

Ib 

Base current^ 

20 

mA 

p 

Power dissipation: 
any one transistor 

500 

mW 

Ptot 

total package up to 55°C 

750 

mW 

Ta 

Operating ambient temperature 

-40 to 4-85 

^C 

Tstg 

Storage temperature 

-65 to -1-150 

‘’C 


NOTES 

1. For each transistor. 

2. The collector of each transistor is isolated from the substrate by an integral diode. The 
substrate must be connected to a voltage which is more negative than any collector 
voltage in order to maintain isolation between transistors and provide normal transistor 
action. To avoid undesired coupling between transistors, the substrate terminal should 
be maintained at either dc or signal (ac) ground. A suitable bypass capacitor can be 
used to establish a signal ground. 


STATIC ELECTRICAL CHARACTERISTICS FOR EACH TRANSISTOR Ta = 25°C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

CAS183 

UNIT 

Min 

Typ 

Max 

VCEO 

Collector-emitter 

1(3 = 1mA, Ib = 0 

40 



V 

(BR) 

breakdown voltage 






VCBO 

Collector-base breakdown 

'C ~ lOO/iA, Ib = 0 

50 



V 

(BR) 

voltage 






Vcio 

Collector-substrate 

'Cl =100/[tA, Ib = 0, Ie “ 0 

50 



V 

(BR) 

breakdown voltage 






VeBO 

Emitter-base breakdown 

Ie = 500//A, Iq = 0 

5 



V 

(BR) 

voltage 






'CEO 

Collector cutoff current 

V(3B = 10V, Ib = 0 



10 

HA 

'CBO 

Collector cutoff current 

VcB ~ 10V, Ib = 0 



1 

mA 

I^FE 

DC forward current 

VcE = 3V, Ic = 10mA 

40 





transfer ratio 

VcE = 5V, Ic = 50mA 

40 




Vbe 

Base-emitter voltage 

VcE = 3V, Ic = 10mA 

0.65 

0.75 

0.85 

V 

VCE 

Collector-emitter 

Ic = 50mA, Ib = 5mA 


1.7 

3.0 

V 

(SAT) 

saturation voltage 







STATIC ELECTRICAL CHARACTERISTICS FOR TRANSISTORS 01 AND 02 
(AS A DIFFERENTIAL AMPLIFIER) Ta = 25°C unless otherwise specified. 



PARAMETER 

TEST CONDITIONS 


CAS183 


UNIT 


Min 

Typ 

Max 

V|0 

Absolute input offset 
voltage 

VcE = 3V, Ic = 1mA 


0.47 

5 

mV 

l|0 

Absolute input offset 
current 

VcE = 3V, Ic = 1mA 


0.78 

2.5 

IxA 
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COLLECTOR CUTOFF CURRENT (ICEO) 


ANALOG DIVISION 


MARCH 1982 


HIGH VOLTAGE TRANSISTOR ARRAY 

CA3183 

TYPICAL PERFORMANCE CHARACTERISTICS 



'CEO V Ta for any transistor ICBO V Ta for any transistor hpE v Ta FOR ANY TRANSISTOR 



hpE V Ic FOR ANY TRANSISTOR Vbe v Iq FOR ANY TRANSISTOR Vqe sa* v Iq FOR ANY TRANSISTOR 



COLLECTOR CURRENT (Ic) — mA COLLECTOR CURRENT dc) — mA COLLECTOR CURRENT (Ic) — mA 


|V|01 V Ic FOR DIFFERENTIAL |l |0 | v Iq FOR DIFFERENTIAL 

AMPLIFIER (01 AND 02) AMPLIFIER (01 AND 02) 



COLLECTOR CURRENT dc) — mA COLLECTOR CURRENT dc) — mA 
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ANALOG DIVISION 


MARCH 1982 


HIGH VOLTAGE/HIGH CURRENT DARLINGTON TRANSISTOR ARRAYS ULN2001/03/04 


DESCRIPTION 

These high-voltage, high-current Darling¬ 
ton transistor arrays are comprised of seven 
silicon NPN Darlington pairs on a common 
monolithic substrate. All units feature open 
collector outputs and integral suppression 
diodes for inductive loads. Peak inrush cur¬ 
rents to 600mA are allowable, making them 
ideal for driving tungsten filament lamps 
also. 

The Type ULN-2001 is a general-purpose 
array which may be used with DTL, TTL, 
PMOS, CMOS, etc. It is pinned with inputs 
opposite outputs to facilitate ease of circuit 
board layout and is priced to compete di¬ 
rectly with discrete transistor alternatives. 

The Type ULN-2003 has a series base resis¬ 
tor to each Darlington pair, and thus allows 
operation directly with TTL or CMOS oper¬ 
ating at a supply voltage of 5V. 

The Type ULN-2004 has an appropriate 
series input resistor to allow its operation 
directly from CMOS or PMOS outputs utiliz¬ 
ing supply voltages of 6 to 15V. The required 
input current is below that of the Type ULN- 
2003. 

In all cases, the individual Darlington pair 
collector current rating is 500mA. However, 
outputs may be paralleled for higher load 
current capability. All devices are supplied 
in a 16-pin dual in-line plastic package. 

FEATURES 

• Peak Inrush current 600mA 

• Protected internally against inductive 
loads 

• Open collector topology 

• Compatible with most logic technologies 


EQUIVALENT SCHEMATICS 




PIN CONFIGURATION 


N,F PACKAGE 


d 

[X 

X 

X 

X 

X 

X 

X 


1—>o- 


1 -^ 








x 

x 

X 

X 

X 

X 

X 

X 


TOP VIEW 

ORDER NUMBERS 
ULN2001N,F 
ULN2003N,F 
ULN2004N,F 


ABSOLUTE MAXIMUM RATINGS at 25°C Free-Air temperature for any one 

Darlington pair unless otherwise specified. 


PARAMETER 

RATING 

UNIT 

VCE 

Output voltage 

50 

V 

ViN 

Input voltage 

30 

V 

Vebo 

Emitter base voltage 

6 

V 

Ic 

Continuous collector current 

500 

mA 

Ib 

Continuous base current 

25 

mA 

Pd 

Power dissipation 

1.3 

W 


Derating factor above 25°C 

95 

°C/W 

Ta 

Ambient temperature range (operating) 

0 to +85 

°C 

Ts 

Storage temperature range 

-65 to+150 

°c 


*NOTE 

Under normal operating conditions, these units will sustain 350mA per output with 
VcE(SAT) = 1.6V at 70° C with a pulse width of 20 ms and a duty cycle of 30%. 
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ANALOG DIVISION 


MARCH 1982 


HIGH VOLTAGE/HIGH CURRENT DARLINGTON TRANSISTOR ARRAYS ULN2001/03/04 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified. 1 . 2 ,3 


PARAMETER 

TEST CONDITIONS 

Test 

LIMITS 

UNIT 

Fig. 

Min 

Typ 

Max 

ICEX 

Output leakage current 

VcE = 50V, Ta = 70°C 

1A 

_ 

— 

100 

iuA 


Type ULN-2004 

VcE = 50V, Ta = 70°C, ViN = IV 

IB 

— 

— 

500 

mA 

I VcE(SAT) Collector-emitter 

Ic = 350mA, Ib = 500;uA 

2 

— 

1.25 

1.6 

V 


Saturation voltage 

Ic = 200mA, Ib - 350mA 

2 

— 

1.1 

1.3 

V 



Ic = 100mA, Ib = 250mA 

2 

— 

0.9 

1.1 

V 

llN(ON) 

Input current 

Type ULN-2003 

ViN = 3.85V 

3 


0.93 

1.35 

mA 


Type ULN-2004 

ViN = 5V 

3 

— 

0.35 

0.5 

mA 



ViN = 12V 

3 


1.0 

1.45 

mA 

llN(OFF) 

Input current 

Ic = 500mA, Ta = 70°C 

4 

50 

65 

- 

iuA 

V|N(ON) 

Input voltage 








Type ULN-2003 

VcE = 2V, Ic = 200mA 

5 

— 

— 

2.4 

V 



VcE = 2V, Ic = 250mA 

5 

— 

— 

2.7 

V 



VcE = 2V, Ic = 300mA 

5 

— 

— 

3.0 

V 


Type ULN-2004 

VcE = 2V, Ic = 125mA 

5 

— 

— 

5.0 

V 



VcE = 2V, Ic = 200mA 

5 

— 

— 

6.0 

V 



VcE = 2V, Ic = 275mA 

5 

— 

__ 

7.0 

V 



VcE = 2V, Ic = 350mA 

5 

_ 

- 

8.0 

V 

hFE 

D-C forward 
current transfer 
ratio Type ULN-2001 

VcE = 2V, Ic = 350mA 

2 

1000 



— 

C|N 

Input capacitance 


- 

- 

15 

30 

PF 

Ir 

Clamp diode leakage 

Vr = 50V 

6 

-- 

— 

50 

iuA 


current 







Vf 

Clamp diode forward voltage 

If = 350mA 

7 

- 

1.7 

2 

V 


NOTES 


1. All limits stated apply to the complete Darlington series except as specified for a single 
device type. 

2. The liN(OFF) current limit guarantees against partial turn-on of the output. 

3. The ViNtON) voltage limit guarantees a minimum output sink current per the specified 
test conditions. 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified. 1 , 2,3 


PARAMETER 

TEST CONDITIONS 

Test 

Fig. 

LIMITS 

UNIT 

Min 

Typ 

Max 

tpLH Turn-on delay 

0.5 Ein to 0.5 Eout 

- 

- 

1.0 

5 

MS 

tpHL Turn-off delay 

0.5 Ein to 0.5 Equt 

- 

- 

1.0 

5 

MS 


NOTES 


1. All limits stated apply to the complete Darlington series except as specified for a single 
device type. 

2. The liN(OFF) current limit guarantees against partial turn-on of the output. 

3. The ViN(ON) voltage limit guarantees a minimum output sink current per the specified 
test conditions. 
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HIGH VOLTAGE/HIGH CURRENT DARLINGTON TRANSISTOR ARRAYS ULN2001/03/04 


TYPICAL PERFORMANCE CHARACTERISTICS 



TEST FIGURES 
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HIGH VOLTAGE/HIGH CURRENT DARLINGTON TRANSISTOR ARRAYS ULN2001/03/04 



TYPICAL APPLICATIONS 












Section 14 
Radio 
Circuits 


Signetics 
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ANALOG DIVISION 


MARCH 1982 


FM IF SYSTEM 


CA3089 


DESCRIPTION 

CA3089 is a monolithic integrated circuit 
that provides all the functions of a com¬ 
prehensive FM-IF system. Figure 6 is a 
block diagram showing the CA3089 fea¬ 
tures, which include a three-state FM-IF 
amplifier/limiter configuration with level 
detectors for each stage, a doubly- 
balanced quadrature FM detector and an 
audio amplifier that features the optional 
use of a muting (squelch) circuit. 

The advanced circuit design of the IF sys¬ 
tem includes desirable features such as 
delayed AGC for the RF tuner, an AFC 
drive circuit, and an output signal to drive 
a tuning meter and/or provide stereo 
switching logic. In addition, internal 
power supply regulators maintain a nearly 
constant current drain over the voltage 
supply range of + 8 to 18 volts. 

The CA3089 is ideal for high-fidelity opera¬ 
tion. Distortion in a CA3089 FM-IF system 
is primarily a function of the phase linear¬ 
ity characteristic of the outboard detector 
coil. 

The CA3089 utilizes a 16-lead dual-in-line 
plastic package and can operate over the 
ambient temperature range of -40®C to 
-j-85“C. 

FEATURES 

• Exceptional limiting sensitivity: lO^V 
typ. at - 3dB point 

• Low distortion: 0.1 % typ. (with double- 
tuned coil) 


• Single-coil tuning capability 

• High recovered audio: 400mV typ. 

• Provides specific signal for control of 
interchannel muting (squelch) 

• Provides specific signal for direct drive 
of a tuning meter 

• Provides delayed AGC voltage for RF 
amplifier 

• Provides a specific circuit for flexible 
AFC 

• Internal supply/voltage regulators 

APPLICATIONS 

• High-fidelity FM receivers 

• Automotive FM receivers 

• Communications FM receivers 


PIN CONFIGURATION 
I N PACKAGE 


IF INPUT [T 
IF INPUT 
BYPASSING LL 
IF INPUT 
BYPASSING 

FRAME [T 
MUTE CONTROL [T 
AUDIO OUT 
AFC OUTPUT [T 
IF OUT 


lei NC 

Til delayed AGC 
TTI SUBSTRATE 
Til tune meter 
TT] MUTE LOGIC 

TTI v + 

To1 REF. BIAS 

E QUADRATURE 
INPUT 


TOP VIEW 
ORDER NUMBER 

CA3089N 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATiNG 

UNiT 

DC supply voltage: 



Between terminals 11 and 4 

18 

V 

Between terminals 11 and 14 

18 

V 

DC Current (out of terminal 15) 

Device dissipation: 

2 

mA 

Up to Ta = eo^c 

Above Ta = 60®C 

Ambient temperature range: 

600 

derate linearly 

6.7 

mW 

mW/“C 

Operating 

-40 to +85 

°C 

Storage 

Lead temperature (during soldering): 

-65 to +150 

°C 

At distance not less than 1 /32” (0.79mm) 
from case for 10 seconds^max 

+265 

°C 


BLOCK DIAGRAM 
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FM IF SYSTEM 

CA3089 

EQUIVALENT SCHEMATIC 

1 -^- 
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ANALOG DIVISION 


MARCH 1982 


FM IF SYSTEM 


CA3089 


DC ELECTRICAL CHARACTERISTICS = 25°C, V+ = 12 V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

CA3089D2 

UNIT 

Min 

Typ 

Max 

STATIC (DC) CHARACTERISTICS 






111 

Quiescent circuit current 

No signal input, non-muted 

16 

23 

30 

mA 

DC Voltages:^ 






Vi 

Terminal 1 (IF input) 

No signal input, non-muted 

1.2 

1.9 

2.4 

V 

V 2 

Terminal 2 (ac return to input) 

No signal input, non-muted 

1.2 

1.9 

2.4 

V 

V3 

Terminal 3 (dc bias to input) 

No signal input, non-muted 

1.2 

1.9 

2.4 

V 

ve 

Terminal 6 (audio output) 

No signal input, non-muted 

5.0 

5.6 

6.0 

V 

V7 

Terminal 7 (A.F.C.) 

No signal input, non-muted 

5.0 

5.6 

6.0 

V 

V 10 

Terminal 10 (dc reference) 

No signal input, non-muted 

5.0 

5.6 

6.0 

V 

I DYNAMIC CHARACTERISTICS 






V|(lim) 

Input limiting voltage (—3dB point)^ 



10 

25 

mV 


AMR AM Rejection (terminal 6 )^ 

V|N = 0.1V, Fo = 10.7MHz, 







fmod = 400Hz, AM Mod = 30% 

45 

55 


dB 

Vo 

Recovered audio voltage (terminal 6)3 


400 

500 

600 

mV 

Total harmonic distortion: 1 






THD 

Single tuned (terminal 6)3 



0.5 

1.0 

% 

THD 

Double tuned (terminal 6 )"^ 

'mod = AOOHz, V|N = 0.1 


0.1 


% 

S+N/N 

Signal plus noise to noise ratio (terminal 6)3 

Deviation = ± 75kHz V|n = O.IV 

60 

70 


dB 

MU|n 

Mute input (terminal 5) 

V 5 = 2.5V 

50 

70 


dB 

MUoUT 

Mute output (terminal 12) 

V|N = 50/iiV 



.5 

V 



V|N = OV 

4.0 



V 

MTR 

Meter output (terminal 13) 

V|N = 0.1V 

2.5 

3.5 


V 



V|N =500/liV 

1.0 

1.5 


V 



V,N = OV 



.7 

V 

AGC 

Delayed AGC (terminal 15) 

V|N = .01V 



.5 

V 



V|N = 10 mV 

4.0 

5.0 


V 

THD 

A 

Double tuned (terminal 6 )^ 

^mod — 400Hz 


0.1 


% 



V|N = 0.1 






NOTES 

1. THD characteristics and Audio Level are essentially a function of the phase and Q 
characteristics of the network connected between terminals 8,9, and 10. 

2. Test circuit Figure 1. 

3. Test circuit Figure 2. 

4. Test circuit Figures 1 and 2. 
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ANALOG DIVISION 


MARCH 1982 


FM IF SYSTEM 


CA3089 


TEST CIRCUITS 


TYPICAL FM TUNER (With a single-tuned detector coil.) 


■NPUT 




AUDIO 

ho 2.7K OUTPUT 


All resistors values are typical and in ohms. 

1 . Waller 4SN3FIC or equivalent 

2. Murate SFG 10.7mA or equivalent 

3. R 3 will affect stability depending on circuit layout. 

To increase stability Rg is decreased. Range of Rg 
is 330 to 50fi, R^ + Rg < 330fi 

4. L tunes with lOOpF (C) at 10.7MHz 

Qq unloaded sn 75 (G.l. EX27825 or equivalent) 

Performance data at = 98MHz. f^OD “ 400Hz, devi- 


-3dB limiting sensitivity 
20dB quieting sensitivity 
30dB quieting sensitivity 


2/uV (antenna level) 
l/iV (antenna level) 
I.S^V (antenna level) 


SYSTEM DESIGN should not be U 

CONSIDERATONS 

The CA3089 is a very high gain device and a^r^^lVof 
therefore careful consideration must be ® P® ° 9®® 
given to the layout of external compo- 
nents to minimize feedback. The Input by- ’ ° ’ ^'®''® 

pass capacitors should be located close The Input lmp( 
to the Input terminals and the values approximately 

TYPICAL PERFORMANCE CHARACTERISTICS 


should not be large nor should the capac¬ 
itors be of the type which might Introduce 
Inductive reactance to the circuit. An ex¬ 
ample of good by-pass capacitors would 
be ceramic disc with values In the range of 
.01 to .05 microfarad. 

The Input Impedance of the CA3089 Is 
approximately 10,000 ohms. It Is not 


recommended to match this Impedance. 
The value of the Input termination resistor 
should be as low as possible without 
degrading system operation. The lower 
the value of this resistor the greater the 
system stability. An Input terminating 
resistor between 50 and 100 ohms is 
recommended. 


MUTING ACTION, TUNER AGC 

(Tuning meter output as a 
function of input 
signal voltage.) 


DC VOLTAGE SUPPLY V + = 12V I 
AMBIENT TEMPERATURE (Ta) = + 25°C 
TEST CIRCUIT - SEE FIGURE 3 

RECOVERED AUDIO 
I FROM FULL OUTPUT 
- f —(LEFT CO-ORDINATE)- 

. / I I 

_I TUNER AGC DC 

r VOLTAGE AT | ^ 

I TERMINAL NO. IS V 

_11 (RIGHT CO-ORDINATE) _ A 


VOLTAGE \ 

AT TERMINAL \ 
^O. 13 METER CIRCUIT- 
(33Kn TO GND) \ 

(RIGHT CO-ORDINATE)! 


AFC CHARACTERISTICS 

(Current at Term. 7 as a 
function of change in 
frequency.) 


DC POWER SUPPLY (V+) = 12V | 

- AMBIENT TEMPERATURE (Ta) = 25°C 
SEE TEST CIRCUIT FIGURE 3 | “ 


CHANGE IN FREQUENCY (Af)—kHz 
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FM IF SYSTEM 


CA3089 


TEST CIRCUITS 


TEST CIRCUIT 

(Using a single-tuned detector coil.) 


V - 12V rr* I 

Tini 


I j.j 


SIGNAL ^ 


-J LA 




TUNING 1_ 

METER VJ ISOfiA 
FULL 

-L SCALE . 


TEST CIRCUIT 

(Using a double-tuned detector coil.) 

rzn 


IB 


TUNING I_► 

METER VJ 150/L(A 
FULL 

-L SCALE ■ 


L tunes with lOOpF (C) at 10.7MHz. 

All resistors values are typical and in ohms. 

Qq (unloaded) =s 75 (G.l. automatic mfg. div. EX27825 or equivalent). 


All resistors values are typical and in ohms. 

T: Pri. — Qq (unloaded) ^ 75 (tunes with tOOpF (C1) 20 t of 34e on 7/32” dia. form) 
Sec. — Qq (unloaded) ss 75 (tunes with tOOpF (C2) 20 t of 34e on 7/32” dia. form) 
kQ (percent of critical coupling) > 70% 

(Adjusted for coil voltage Vq) = 150m\/ 

Above values permit proper operation of mute (squelch) circuit "E” type slugs, spacing 
4mm 

Figure 2 
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ANALOG DIVISION 

FM/IF SYSTEM 


MARCH 1982 

CA3189 


DESCRIPTION 

The CA3189 is a monolithic integrated cir¬ 
cuit that provides all the functions of a 
comprehensive FM/IF system. The CA3189 
features a three stage FM/IF amplifier/ 
limiter configuration with level detectors 
for each stage. A doubly balanced quadra¬ 
ture FM detector and an audio amplifier 
features the optional use of a muting 
(squelch) circuit. Mute is enabled when 
either the input signal level is low or when 
the input frequency changes, through an 
external mute logic circuit between pins 5 
and 12. Center channel detect can also be 
derived via this mute logic circuit. 

The CA3189 includes features found in the 
CA3089, such as delayed AGC for the RF 
tuner, an AFC drive circuit, and an output 


PIN CONFIGURATION 


Exceptional limiting sensitivity: lO^V 

typical at - 3dB point 

Low distortion: 0.1% with double tuned 

coil 

High recovered audio: SOOmV typical 
Internal supply/voltage regulators 
Mute—-center channel detect 


APPLICATIONS 

• Automotive FM receivers 

• High fidelity FM receivers 

• Communications FM receivers 


ABSOLUTE MAXIMUM RATINGS 



N PACKAGE 


IF INPUT []r 


IF] AGC INPUT 

IF INPUT 


~iF] AGC OUTPUT 

INPUT BIAS 


14 1 GROUND 

GROUND [T^ 


IF] TUNE METER 

MUTE INPUT 


FF] MUTE OUTPUT 

AUDIO OUTPUT 


11 1 Vcc 

AFC [[T 


IF] REF VOLTAGE 

IF OUTPUT 


~9~| DET INPUT 


TOP VIEW 



ORDER NUMBER 



CA3189N 



signal to drive a tuning meter and/or pro¬ 
vide stereo switching logic. Internal power 
supply regulators maintain a nearly con- 

PARAMETER 

RATING 

UNIT 

DC supply voltage: 



stant current drain over the voltage range 

Between terminals 11 and 4 

18 

V 

of +8Vto -t-16V. The CA3189 FM/IF system 
distortion is primarily a function of the 

Between terminals 11 and 14 

18 

V 

mA 

phase linearity of the outboard detector 

DC current (out of terminal 15) 

2 

coil. 

Device dissipation: 




UptoTA = 60°C 

600 

mW 

FEATURES 

Above Ta = 60 °C 

derate linearly 

6.7 

mW/°C 

• AGC threshold controlled externally 

Ambient temperature range: 



• Low signal or fre. muting option 

Operating 

- 40 to -E 85 

X 

• Single coil tuning capability 

Storage 

-65 to -E150 

°C 


Lead temperature (during soldering): 




At distance not less than 1/32" (0.79mm) 
from case for 10 seconds max 

+ 265 

°C 


BLOCK DIAGRAM 








5.0K 

—v^— 



DEV 

MUTE 

LOGIC 


TT 


AUDIO 

MUTE 

(SQUELCH) 

CONTROL 

AMPLITUDE 


J MUTING 
SENSITIVITY 

-"VW-Y-VW—-VW-I 


TUNING METER OUTPUT 


—O TO STEREO 
THRESHOLD 
LOGIC CIRCUITS 


NOTES ” 

All resistor values are typical and in ohms. 
* L tunes with 100pF (C) at 10.7MHz. 

QqS 75 (G.l. EX27825 or equivalent). 
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ANALOG DIVISION 


MARCH 1982 


FM/IF SYSTEM 


CA3189 


STATIC ELECTRICAL CHARACTERISTICS = 25°C, V ■•■ = 12V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

Min 

Typ 

Max 

UNIT 

lii 

Quiescent circuit current 

No signal input, non-muted 

16 

28 

40 

mA 

DC Voltages:'^ 






VI 

Terminal 1 (IF input) 

No signal input, non-muted 

1.2 

1.9 

2.4 

V 

V2 

Terminal 2 (AC return to input) 

No signal input, non-muted 

1.2 

1.9 

2.4 

V 

V3 

Terminal 3 (DC bias to input) 

No signal input, non-muted 

1.2 

1.9 

2.4 

V 

V7 

Terminal 7 (AFC) 

No signal input, non-muted 

5.0 

5.6 

6.0 

V 

V10 

Terminal 10 (DC reference) 

No signal input, non-muted 

5.0 

5.6 

6.0 

V 


DYNAMIC CHARACTERISTICS 



Input limiting voltage (-3dB point)^ 



10 

25 

mV 

AMR 

AM rejection (terminal 6)^ 

V|N-0.1V, Fo = 10.7MHz, 

= 400Hz, AM Mod = 30% 

45 

55 


dB 

Vo 

Recovered audio voltage (terminal 6)^ 



325 

500 

650 

mV 

Total harmonic distortion; ^ 







THD 

Single tuned (terminal 6)^ 




0.5 

1.0 

% 

THD 

Double tuned (terminal 6)"^ 

fmc,d = 400Hz, V|N = 0.1V 


0.1 


% 

S-hN/N 

Signal plus noise to noise ratio (terminal 6)^ 

Deviation— ± 75KHz 

65 

72 


dB 

MU 

Mute (terminal 6) 

V5 = 2.5V 

50 

70 


dB 

MUqut 

Mute output (terminal 12) 

V,N 

=lOO^V 


0.1 


V 



V 

> 

o 

II 

z 

4.0 



MUF 

Deviation mute frequency 

V|N=0.1V, f = 10.7KHz 





MTR 

Meteroutput (terminal 13) 

V,N = 0.1V 

3.0 

■■ 


H 



V,N 

= 500/iV 

1.0 

HH 





V 

> 

o 

II 

z 





AGC 

Delayed AGC (terminal 15) 

V16>2.5V 



0.7 

B 



V16<0.7V 

8.0 



AGC 

Threshold (terminal 16) 

V15 = 

low to high 


1.25 

2.5 

V 

CS 

On-channel step (terminal 12) 

V,N = 0.1V 

fDEv< ±15 KHz 


0 

0.7 

V 



f = 10.7MHz 

fDEV> ±80 KHz 

4.5 

5.6 



Signetics 


14-9 







ANALOG DIVISION 


MARCH 1982 


FM/IF SYSTEM 


CA3189 


TEST CIRCUITS 


TYPICAL FM TUNER 
(With a Single-Tuned Detector Coil) 


V + = 12V 



NOTES: All resistor values are typical and in ohms. 

1. Waller4SN3FICorequivalent 

2. MurateSFG 10.7mA or equivalent 

3. R 5 \A/ill affect stability depending on circuit iayout. To 
increase stability, Rs is decreased. Range of Rs is 330 
to50O, R1 + Rs^ 33012 

4. L tunes with lOOpF (C) at 10 . 7 MH 2 

Qq unloaded s 75 (G.l. EX27825 or equivalent) 
Performance data at fg = 96M Hz, f^od = 400Hz, 
deviation = ± 74KHz: 

- 3dB limiting sensitivity 2/*V (antenna level) 

20dB quieting sensitivity VV (antenna level) 

30dB quieting sensitivity 1.5fiV (antenna level) 


TYPICAL PERFORMANCE CHARACTERISTICS 


MUTING ACTION, TUNER AGC 
(Tuning Meter Output as a 
Function of Input 
Signal Voltage) 


AFC CHARACTERISTICS 
(Current at Terminal 7 as a 
Function of Change in 
Frequency) 



INPUT SIGNAL-/*V 


CHANGE IN FREQUENCY (Af)—KHz 


DEV MUTE THRESHOLD 
VS LOAD RESiSTANCE 


TYPiCAL LiMITiNG AND NOISE 
CHARACTERISTICS 




0 5 10 15 20 25 


10 102 103 10 ^ 


LOAD RESISTANCE (BETWEEN SIGNAL LEVEL-/tV 

TERM 7 AND TERM 10)-Kfi 
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FM/IF SYSTEM 
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ANALOG DIVISION 


MARCH 1982 


STEREO DEMODULATOR WITH BLEND 


LM1870 


DESCRIPTION 

The LM1870 combination FM Stereo 
Demodulator and Blend Circuit is a PLL 
circuit with a D.C. control pin whose pur¬ 
pose is to reduce switching noise by de¬ 
creasing separation under low signal am¬ 
plitude conditions. The part is designed 
specifically for automobile applications 
where fluctuating signal strength can 
cause demodulation noise. 


FEATURES 

• Stereo blend control 

• Wide input dynamic range 

• Low total harmonic distortion 

• VCO disable function 

• Monophonic override pin 

• Supply range 7V-15V 

APPLICATIONS 

• Auto radios 

• High fidelity tuners 

• High performance portable radios 

• Electronic tuned radios 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage, pin 3 

15 

V 

Lamp driver voltage, pin 11 

18 

V 

Output voltage, pin 12, 13 supply off 

7 

V 

Quick mono input (pin 20) 

V-F(pin 3) 


Blend input (pin 20) 

15 

V 

Operating temperature range 

0°C to +70°C 


Power dissipation (note 1) 

1 

w 

Storage temperature 

-65°Cto -I-125X 


Lead temperature (soldering, 10 seconds) 

300 “C 



PIN CONFIGURATION 


N PACKAGE 


QUICK MONO [T 
PLL INPUT [T 

v + [T 

LAMP FILTER nr 
& VCO STOP U_ 

LAMP FILTER [T 

LOOP FILTER [T 

LOOP FILTER [T 

VCO TUNING [T 

VCO TUNING [T 

GROUND [To 


BLEND CONTROL 
VOLTAGE 

]|] AUDIO INPUT 

Tb] blend filter 

U] BLEND FILTER 



T3] LEFT OUTPUT 
ID RIGHT OUTPUT 
TT] LAMP DRIVER 


TOP VIEW 
ORDER NUMBER 

LM1870N 


TYPICAL APPLICATION AND TEST CIRCUIT 


FREQUENCY 

COUNTER 


R19 

15K 


19kHz 

TEST POINT 


C2 X 
2mF “ 


C14 

O.OImF 



r: 


R14 

7K5 


QUICK 

MONO 


rl, H 


IN PHASE 
PHASE DETECTORI 


caX” 

O.VFJ 




LOOP PHASE 
DETECTOR 




VCO J_ 
STOP - 


C4 

P.22/.F 



VlAMP 




o LEFT OUT 
o RIGHT OUT 


-T~ l I 

I f /2 ^ *-1 I 

76kHz 

J _ VCO 
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MARCH 1982 


STEREO DEMODULATOR WITH BLEND 


LM1870 


DC ELECTRICAL CHARACTERISTICS = 25“C, =8V unless otherwise noted (Figure 1) 


SYMBOL AND PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Operating suppiy voitage 


7 

8 

15 

V 

Suppiy current 



26 

45 

mA 

Input DC voitage 

Pin 19 


4 


V 

input DC voitage 

Pin 2 


1.8 


V 

Suppiy rejection 


15 

30 


dB 

Lamp ieakage current 

Lamp off, pin 11 = 16V 


0.1 

100 

Il^ 

Lamp saturation voitage 

Lamp on, pin 11 @ 75mA 


1.4 

2.0 

V 

VCO stop voitage 

Voitage @ pin 4 to stop VCO 

0.2 

0.4 


V 

VCO stop current 

Pin 4 = 0.2V 


-30 

-100 

^A 

Biend input bias current 



-2 

-20 


Quick mono switch voitage 



4 


V 

Quick mono bias current 

' Pin1=8V 


2 


fiA 

Output ieakage 

Pin12or13 = 6.5V,pin3 = 0V 


0.1 

20 

IxA 


AUDIO ELECTRICAL CHARACTERISTICS 


SYMBOL AND PARAMETER 

TEST CONDITIONS 


TYP 

MAX 

UNIT 

Mono gain 

1kHz 

-4 

-1 

+ 2 

dB 

Mono THD 

1kHz @ 200mVrms 


0.05 

0.25 

% 

Channei baiance 



±0.4 

±1.5 

dB 

Gain shift 

Mono to stereo 


±0.1 

±1.0 

dB 

Channei separation 

Pin 20 > 1.1V 

30 

45 


dB 

Output DC shift 

Mono to stereo 


±15 

±100 

mV 

input resistance 

Pin 19 

20 

40 


kfi 

Output resistance 

Pin 12, 13 


65 

200 

n 

Uitrasonic rejection 

19kHz + 38kHz 


30 


dB 

SCA rejection 

(Note 2) 


70 


dB 

Signai to noise 

1 kHz® 200mVrmsMONO 


68 


dB 


PLL ELECTRICAL CHARACTERISTICS 


SYMBOL AND PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Lamp ON voitage 

19kHz on pin 2 


15 

20 

mV 

Lamp OFF voitage 

19kHz on pin 2 

2.5 

5 


mV 

Lamp hysteresis 



10 


dB 

Capture range 

25mVrms on pin 2 

±2 

±4 

±6 

% 

Hoid in range 

25mVrms on pin 2 


±12 


% 

input resistance 

Pin 2 

8 

14 


kfi 
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MARCH 1982 


STEREO DEMODULATOR WITH BLEND 


LM1870 


BLEND ELECTRICAL CHARACTERISTICS 


SYMBOL AND PARAMETER 

TEST CONDITIONS 
(Pin 20 from 1.1V to 0.2V) 

MIN 

TYP 

MAX 

UNIT 

Stereo gain change 

1kHz L= - R input 

-25 

-35 


dB 

Mono gain change 

1kHz L= R input 

-1.5 

-0.5 

0.5 

dB 


10kHz L= R input 

-8 

-14 

-20 

dB 

Output DC shift 



±40 

±100 

mV 


NOTES 

1. For operation in ambient temperatures above 25*C, the device must be derated based ona 150*C maximum junction temperature and a thermal resistance of 125*CA/V junction 
to ambient. 

2. Input is 10% SCA (74.5kHz), 9% pilot and 1kHz left or right. Rejection is ratio of 1kHz output to 1.5kHz output. 


TYPICAL CHARACTERISTICS 
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ANALOG DIVISION 


MARCH 1982 


STEREO DEMODULATOR WITH BLEND 


LM1870 


GAIN vs Rl(PIN 14,15) 


— 

f = 1 

kHz 










7 ^ 

Rl> 

NOT 

7.5k 



/ 




/ 





✓ 

/ 

Rl > 
NOT 

9.1k 




\ _ 

RECOMMENDED 
FOR Vs = 8V 

-1-1_ 


0 2.5 5 7.5 10 12.5 15 

LOAD RESISTOR (kfi) 


LAMP ON/OFF vs RESISTANCE 
PIN 4 TO 5 



k 100 k ir 

EXT. RESISTANCE PIN 4 TO 5 (fi) 


TOTAL HARMONIC DISTORTION 
vs INPUT LEVEL 



0 0.2 0.4 0.5 0.8 1.0 1.2 

MONO INPUT LEVEL (Vrms) 


TOTAL HARMONIC DISTORTION 
vs FREQUENCY 


SEPARATION vs FREQUENCY 


POWER SUPPLY REJECTION RATIO 
vs FREQUENCY 



ViN = 500mV 

OUTPUT (ULTRASONICS) FILTERED 


50 100 200 500 Ik 2k 5k 10k 15k 
FREQUENCY (Hz) 


50 100 200 500 Ik 2k 3k 10k 15k 
FREQUENCY (Hz) 


■ill 

■m 

■ii 

■■1 

■ii 

RBI 

Mi 

■m 

■ii 

■■1 



Ik 

FREQUENCY (Hz) 


L + R FREQUENCY RESPONSE WITH 
BLEND CONTROL 


L - R GAIN vs BLEND CONTROL 


TYPICAL RADIO QUIETING 
CHARACTERISTIC 


VpiNZO^O.S 


VpiN 20 = 0.7"^ — 


VpiN 20 = 0.6'A 

I I I 

— VpiN 20 = 0.5=^ 


50 100 200 500 Ik 2k 5k 10k 15k 
FREQUENCY (Hz) 



0 0.2 0.4 0.6 0.8 1.0 

BLEND CONTROL VOLTAGE (V) 


START OF LIMITING 

jj I II I nil—LLL 

I RECOVERED AUDIO 


NOISE n I f 
WITH BLEND I 


BLEND FILTER RESPONSE 





lll■■ll[llll 


■nlMillll 

MMiin 



■Si 


■ES 


mm 


Ik 2k 3k 5k 10k 20k 50k 100k 

FREQUENCY (Hz) 


L - R GAIN AND SEPARATION vs 
RF INPUT LEVEL WITH BLEND 


■III 

in 

lllli 

■III 

iSSSRI 

■ II ! 

■ 


■ 

■ 

SOI 

■I 

■1 


■ 

■ 

■ 


■ 


RF INPUT (/*V) 
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MARCH 1982 


BALANCED MODULATOR-DEMODULATOR MCI 496/MCI 596 


DESCRIPTION 

The MC1496 is a monolithic Double- 
Balanced Modulator/Demodulator de¬ 
signed for use where the output voltage is a 
product of an input voltage (signal) and a 
switched function (carrier). The MC1596 will 
operate over the full military temperature 
range of -55® C to +125®C. The MC 1496 is 
intended for applications within the range of 
0°C to +70® C. 

FEATURES 

• Excellent carrier suppression 

65dB typ @ 0.5MHz 
50dB typ @ 10MHz 

• Adjustable gain and signal handling 

• Balanced inputs and outputs 

• High common-mode rejection—85dB typ 

ABSOLUTE MAXIMUM RATINGS 


APPLICATIONS 

• Suppressed carrier and amplitude modu¬ 
lation 

• Synchronous detection 

• FM detection 

• Phase detection 

• Sampling 

• Single sideband 

• Frequency doubling 


PIN CONFIGURATIONS 



PARAMETER 

RATING 

UNIT 

Applied voltagei .2 

30 

V 

Differential input signal (Vt-Vb) 

±5.0 

V 

Differential input signal (V 4 -V 1 ) 

(5 ± I 5 Re) 

V 

Input signal (V 2 -V 1 , V 3 -V 4 ) 

5.0 

V 

Bias current (I 5 ) 

10 

mA 

Power dissipation (pkg. limitation) 



N package 

900 

mW 

Operating temperature range 



MCI 496 

0 to +70 

®C 

MCI 596 

-55 to +125 

®C 

Storage temperature range 

-65 to +150 

®C 


NOTES 

1. Voltage applied between pins 6-7, 8-1, 9-7, 9-8, 7-4, 7-1, 8-4, 6-8, 2-5, 3-5. 

2. Pin number references pertain to H package pinout only. 


EQUIVALENT SCHEMATIC 


VqI+I VqI-) 



(Pinout for H pkg. shown) 
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MARCH 198_2 

BALANCED MODULATOR-DEMODULATOR MCI 496/MCI 596 


DC ELECTRICAL CHARACTERISTICS V+ = +12Vdc. V = -8.0Vdc, I 5 = I.OmAdc, Rl = 3.9ka Re = I.Okn, 

Ta = 25®C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

MC1596 

MCI 496 





Min 

Typ 



Single-ended input impedance 

Signal port, f = 5.0MHz 







■■ 

Rip 

Parallel input resistance 








BH 

Cip 

Parallel input capacitance 




mi 

m 





Single-ended output impedance 

f = 10MHz 




■■■ 




Rop 

Parallel output resistance 



40 



40 


kn 

Cop 

Parallel output capacitance 


m 

5.0 


m 

5.0 


pF 


Input bias current 


■■■ 







IbS 

. I 1 + I 4 









Ibs = --g—-- 


■ 



■ 


30 

■■ 

IbC 

lbs= + 


■ 



■ 


30 



Input offset current 










lioS = li - I 4 








MB 


lioC = I7 - Is 


IBI 



m 





Average temperature coefficient 








IHIHH 

Tclio 

of input offset current 

Output offset current 



2.0 



2.0 


nA/®C 

loo 

Is - I9 



14 

50 


15 

80 

mA 


Average temperature coefficient 
of output offset current 
Common-mode quiescent 



90 



90 


nA/®C 

H9 

Output voltage (Pin 6 or Pin 9) 



8.0 



8.0 


Vdc 


Power supply current 








mAdc 


Is + I9 



2.0 

3.0 


2.0 

4.0 


HQglU 

ho 



3.0 

4.0 


3.0 

5.0 



DC power dissipation 



33 



33 


mW 


NOTE 

Pin number references pertain to H package pinout only. 
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BALANCED MODULATOR-DEMODULATOR MCI 496/MCI 596 


AC ELECTRICAL CHARACTERISTICS V+ = +12Vdc, V- = -9.0Vdc, I 5 = I.OmAdc, Rl = 3.9ka Re = l.0kn, 

Ta = +25®C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

MC1596 

MC1496 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

VCFT 

Carrier feedthrough 

Vc = eOmVrms sinewave and 










offset adjusted to zero 










fc = 1.0kHz 


40 



40 


^Vrms 



fc = 10MHz 


140 



140 





Vc = 300mVp-p squarewave; 
Offset adjusted to zero fc = 1.0kHz 


0.04 

0.2 


0.04 

0.4 

mVrms 



Offset not adjusted fc = 1.0kHz 


20 

100 


20 

200 


Vcs 

Carrier suppressions 

fs = 10kHz, aoOmVrms sinewave 
fc = 500kHz, eOmVrms sinewave 

50 

65 


40 

65 


dB 



fc = 10MHz, eOmVrms sinewave 


50 



50 



BW3dB 

Transadmittance bandwidth 

Carrier input port, Vc = OOmVrms 


300 



300 


MHz 


(Magnitude) (Rl = 500) 

sinewave fs = 1.0kHz, 
SOOmVrms sinewave 










Signal input port, Vs = 300mVrms 


80 



80 


MHz 



sinewave |Vc| = 0.5Vdc 








AVs 

Signal gain 

Vs = lOOmVrms; f= 1.0kHz 

2.5 

3.5 


2.5 

3.5 


V/V 



|Vc| =0.5Vdc 








CMV 

Common-mode input swing 

Signal port, fs = 1.0kHz 


5.0 



5.0 


Vp-p 

ACM 

Common-mode gain 

Signal port, fs = 1.0kHz 


-85 



-85 


dB 



|Vc| =0.5Vdc 








DVout 

Differential output voltage 
swing capability 



8.0 



8.0 


Vp-p 


NOTE 

Pin number references pertain to H package pinout only. 


CARRIER REJECTION AND SUPPRESSION 
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AM RECEIVER CIRCUIT 


TCA440 


DESCRIPTION 

TCA440 is a monolithic 1C, especially devel¬ 
oped for AM receivers up to 30MHz. It in¬ 
cludes a RF stage with AGC, a balanced 
mixer, separate oscillator and an IF amplifi¬ 
er with AGC. Because of its low current 
consumption and of its internal stabilization 
the TCA440 is perfectly suited for battery 
operated portables, car and home radios. 


ABSOLUTE MAXIMUM RATINGS 


FEATURES 

• Balanced circuit 

• Separately controllable prestage 

• Multiplicative push-pull mixer with sep¬ 
arate oscillator 

• High signal handling capability even with 
4.5V supply voltage 

• lOOdB feedback control range in 5 stages 

• Direct connection for tuning meter 

• Minimum external components 


PIN CONFIGURATION 


N PACKAGE 


le] MIXER OUTPUT 
lil MIXER OUTPUT 
l4l + SUPPLY 
IT] IF DECOUPLE 
~fr| IF INPUT 
TT] IF INPUT 
'iT] METER OUTPUT 
~9~| AGC IF STAGE 

TOP VIEW 

ORDER NUMBER 

TCA440N 


TUNING METER 

Recommended instruments: 

500)uA (Ri = soon) 

300/uA (Ri = 1.5kn) 

The IC offers at pin 10 a tuning meter volt¬ 
age of 600 mVEMP max. with a source im¬ 
pedance of approx. 400n. 

FUNCTION 

As pictured in the circuit diagram the 
TCA440 comprises two control loops inde¬ 
pendent of each other which control the RF 
stage and the IF stages. By AGCing the RF 
stage, excellent signal handling is obtained. 
A voltage of 2.6Vpp on the IC input can be 
handled with very low distortion. The push- 
pull mixeroperatesmultiplicatively, thereby 
resulting in few harmonic mixing products 
and whistling points. The oscillator which is 
separated from the mixer is also apted ex¬ 
cellently for short waves. From the AGC of 
the RF amplifier a voltage is derived for a 
tuning meter which can be connected di¬ 
rectly to the meter. The symmetric composi¬ 
tion of the circuit provides high stability 
against oscillation and, at the same time, an 
AGC range of more than 10OdB. The bridge 
circuit of the mixer provides good isolation 
of the oscillator. 


PARAMETER 

RATING 

UNIT 

Vcc 

Supply voltage 

15 

V 

Tamb 

Ambient temperature in operation 

-15 to +80 

°c 

Ts 

Storage temperature 

-30 to +125 

‘’C 

Vcc 

Range of operation 

4.5 to 15 

V 


BLOCK DIAGRAM 



RF INPUT [T 
RF INPUT [T 


AGC RF pn 
STAGE Li-I 
MULTIPLIER 
INPUT 
MULTIPLIER 
INPUT 


'[E 
'U 

OSCILLATOR [T 
IF OUTPUT [T 
GROUND [T 
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MARCH 1982 


AM RECEIVER CIRCUIT 


TCA440 


DC ELECTRICAL CHARACTERISTICS Vcc = 9V, Ta = 25®C unless otherwise specified. 


PARAMETER 

Total current consumption at: 


TEST CONDITIONS 

Vcc = 4.5V 
Vcc = 9V 
Vcc =15V 



TCA 440 

Min 

Typ 

Max 


7 

10.5 

12 



AC ELECTRICAL TEST Vcc = 9V, Ta = 25®C, fc = 1MHz, fMOO = 1kHz unless otherwise specified. 


PARAMETER 

Vo Audio output voltage 

SEN Input sensitivity 

(fc = 1MHz, m = 30%/0%, 
Rg = 5400) 

Noise 

Mo Meter Output 


TEST CONDITIONS 

m = 30% ViN = 1 .OmV 
Vo = 30 mV 


ViN = 1.OmV NO MOD. 
ViN = 4 mV 


TCA 440 

UNIT 

Typ 

Max 


100 


mV 

10 


mV 

1.5 


mV 

150 


mV 


TYPICAL APPLICATIONS 


APPLICATION EXAMPLE FOR BROADCAST BAND 


T tuning meter 

ISO I I- 

'^”1 I 


lOOnF" ^6 TCA440 


L1-L2 With Vogt coil set D21-2375.1 
L3-L1 with Vogt coil set D41-2519 
L1 105 turns 12 x 0.04 CuLS 
L2 7 turns 0.10 CuL 

L3 80 turns 12 x 0.04 CuLS 
L4 35 turns 12x0.04 CuLS 

L5 15 turns 0.10 CuL 

L6 70 turns 12x0.04 CuLS 

L7 35 turns 12 X 0.04 CuLS 
L8 20 turns 12x0.04 CuLS 

L9 50 turns 12x0.04 CuLS 

L10 22 turns 12 x 0.04 CuLS 
L11 400 turns 0.06 CuL 
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AM RECEIVER CIRCUIT 

TCA440 

TYPICAL APPLICATIONS (Cent d) 


APPLICATION EXAMPLE FOR BROADCAST BAND 




Prestage control is derived 
4fom IF control 

LI 105 turns 12 X 0.04 CuLS 
L2 7 turns 0.10 CuL 
L3 80 turns 12x0.04 CuLS 
L4 35 turns 12x0.04 CuLS 
L5 15 turns 0.10 CuL 
L8 20 turns 12 X 0.04 CuLS 
L9 50 turns 12 X 0.04 CuLS 
L10 22 turns 12 X 0.04 CuLS 
L11 400 turns 0.04 CuL 
L1-L2 with Vogt coil set D21-23751 
L3-L11 with Vogt coil set D41-2519 


APPLICATION EXAMPLE FOR AM USING VARICAP DIODES BB 113 



L1 105 turns 12 X 0.04 CuLS 
L2 7 turns 0.10 CuL 
L3 80 turns 12x0.04 CuLS 
L4 35 turns 12 X 0.04 CuLS 
L5 15 turns 0.10 CuL 
L8 20 turns 12 X 0.04 CuLS 
L9 50 turns 12 X 0.04 CuLS 
L10 22 turns 12x0.04 CuLS 
L11 400 turns 0.06 CuL 

L1-L2 with Vogt coil set D21-23751 
L3-L11 with Vogt coil set D41-2519 


Vd = 8.5V-fi = 800kHz 
Vd = 30V-fi = 1620kHz 


Signetics 


14-23 










ANALOG DIVISION 


MARCH 1982 


AM RECEIVER CIRCUIT 


TCA440 


TYPICAL APPLICATIONS (Cont d) 


CONVERSION CONDUCTANCE 
vs OSCILLATOR VOLTAGE 



RF STAGE CONTROL 



The input is not power matched and can be driven with a higher resistance, Vi is chosen so 
that a constant V 15 is obtained (SOmVpp). 


IF CONTROL 



ViF (469kHz: m = 80%; fmod = 1kHz) is chosen so that always a constant Vaf is obtained 
(200mVRMs) 
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AM RECEIVER CIRCUIT 

TCA440 

TYPICAL PERFORMANCE CHARACTERISTICS 



AF OUTPUT VOLTAGE AND NOISE 
FIGURE vs RF INPUT VOLTAGE 
(switching position 1) 


SIGNAL TO NOISE RATIO vs SIGNAL TO NOISE RATIO vs 

RF INPUT VOLTAGE RF INPUT VOLTAGE 

(switching position 2) (parameter is generator impedance) 

(switching position 1) 


'"''rms 



TEST FIGURES FOR APPLICATION EXAMPLE FOR AM USING BB 113 


TEST FIGURES FOR APPLICATION 
EXAMPLE FOR MW HARMONIC 
DISTORTION AND AF OUTPUT 
VOLTAGE vs RF INPUT VOLTAGE 
MEASURED SYMMETRICALLY AT 
PINS 1 AND 2 fi = 1MHz, fmod = 1kHz, 
f|F = 455kHz, Vcc = 9V 



10“3 10~2 10“^ 10° 10^ 102 103 lO^mV 

-►''iRF 


fj = 1MHz, ijnod ^ Uf = 455 kHz, 

Vcc " 9V, V||qip measured symmetrically at pins 1 and 2 



Example for moving coil instruments 
Ri for full-scale deflection 


i.5kn 

100m A 

i.5kn 

170mA 

2kn 

200mA 

350n 

500mA 


TUNING METER VOLTAGE 
vs IF CONTROL VOLTAGE 
(parameter is impedance of tuning 
meter) 
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AM RECEIVER CIRCUIT 


TCA440 


TEST CIRCUITS 


TEST CIRCUIT FOR NOISE FIGURE 


VirfO- 

2: = 60 i! 



MURATA SF 455D 
AA118 


■fFl 


L1-L2 M25 pot core 

L3-L11 with Vogt coil set D41-2519 


A 

off 


LI 

2 + 6 

turns 

6x12x0.04CuLS 

L2 

n 


0.15 CuL 

L3 

90 

turns 

12 X 0.04 CuLS 

L4 

35 

turns 

12x0.04CuLS 

L5 

15 

turns 

0.10 CuL 

L6 

70 

turns 

12 X 0.04 CuLS 

L7 

35 

turns 

12 X 0.04 CuLS 

L8 

60 

turns 

12 X 0.04 CuLS 

L10 

22 

turns 

12 X 0.04 CuLS 

L11 

68 

turns 

0.06 CuL 

switch 




B 

C 



on 

off 

separate RF stage contro 

off 

on 

RF stage control voltage 


from IF control voltage 


fi = 1MHz; m = 30% 

n(turns) RGenerat( 

1 
2 
4 
6 
9 
12 
18 


15 

60 

240 

540 

1,2K 

2,2K 

4,8K 
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FM STEREO MULTIPLEX DECODER. PHASE LOCKED LOOP 


tA758 


DESCRIPTION 

The yuA758 is a monolithic phase-locked 
loop FM stereo multiplex decoder. The de¬ 
vice decodes an FM stereo multiplex signal 
into right and left audio channels while 
inherently suppressing SCA information 
when it is contained in the composite input 
signal. The device includes automatic 
mono-stereo mode switching and drive for 
an external lamp to indicate stereo mode 
operation. 

The ixA75d operates over a large voltage 
range and requires a minimum number of 
external components. A simple setting of an 
external potentiometer adjusts the oscilla¬ 
tor frequency. No coils are required. 


ABSOLUTE MAXIMUM RATINGS 


FEATURES 

• 45dB channel separation 

• Automatic stereo/mono switching 

• 70clB SCA rejection 

• 10V to 16V supply range 

• High impedance input—low impedance 
output 


PIN CONFIGURATION 


N PACKAGE 


BLOCK DIAGRAM 


LEFT CHANNEL 
DE-EMPHASIS *— 
LEFT CHANNEL tT 
OUTPUT L- 



TTI LOOP FILTER 
Tal LOOP FILTER 


ORDER NUMBERS 

^A758N 


PARAMETER 

RATING 

UNIT 

Supply voltage 

+18 

V 

Supply voltage (< 15 seconds) 

+22 

V 

Voltage at lamp driver terminal 



(Lamp OFF) 

+22 

V 

Internal power dissipation 

730 

mW 

Operating temperature range 

-40 to +85 

°C 

Storage temperature range 

-55 to +125 

'’C 

Lead temperature (60sec) 

300 



SWITCH FILTER LOOP FILTER 


OSCILLATOR RC NETWORK 


STEREO SWITCH 
AND 

LAMP DRIVER 


3SkHz TO 19kHz 
QUADRATURE 
DIVIDER 


38kHz TO 19kHz 
IN PHASE 
DIVIDER 
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FM STEREO MULTIPLEX DECODER, PHASE LOCKED LOOP A758 

EQUIVALENT SCHEMATIC 
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FM STEREO MULTIPLEX DECODER, PHASE LOCKED LOOP A758 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, V+ = +12V, 19kHz pilot level = SOmVRMS, multiplex signal 

(L = R, pilot OFF) = SOOmVRMS, modulation frequency == 400Hz or 1Hz, 
test circuit 1, unless otherwise specified. 



PARAMETER 

TEST CONDITIONS 

mA758 

UNIT 


Min 

Typ 

Max 




Icc 

Supply current 

Lamp OFF 


31 

38 

mA 

II 

Maximum available lamp current 


75 

150 


mA 

Vt 

Voltage at lamp driver terminal 

Lamp = 50mA 


1.3 

1.8 

V 

ri 

Input resistance 


20 

35 


kn 

ro 

Output resistance 


0.9 

1.3 

2.0 

kn 


AC ELECTRICAL CHARACTERISTICS 


PARAMETER 

TEST CONDITIONS 

mA758 

UNIT 

Min 

Typ 

Max 

A(V 4 &V 5 ) DC voltage shift at either output 

Stereo to mono operation 


30 

150 

mV 


terminal 






PS.R.R, 

Power supply ripple rejection 

200Hz, 200mVRMS 

35 



dB 

SEP 

Channel separation 

100Hz 


40 


dB 



400Hz 

30 

45 


dB 



10kHz 


45 


dB 

BAL. 

Channel balance 



0.3 

1.5 

dB 

Av 

Voltage gain 

1kHz 

0.5 

0.9 

1.4 

V/V 


Pilot input level 

Lamp turn-on 


18 

25 

mVRMS 



Lamp turn-off 

2.0 

7.0 


mVRMS 

Pilot input level hysteresis 

Lamp turn-off to turn-on 

3.0 

7.0 


dB 


Capture range 


2.0 

4.0 

6.0 

% 

T.H.D. 

Total harmonic distortion 

Multiplex level = OOOmVRMS pilot OFF 


0.4 

1.0 

% 


19kHz rejection 


25 

35 


dB 


38kHz rejection 


25 

45 


dB 


SCA rejection"! 



70 


dB 

VCO 

Tuning resistance2 


21.0 

23.3 

25.5 

kfl 

VCO 

Frequency drift 

0°C<Ta<25°C 


+0.1 

±2 

% 



25°C<Ta<70°C 


-0.4 

±2 

% 


NOTES 

1. Measured with a stereo composite signal consistency of 80% stereo, 10% pilot and 10% 
SCA as defined in the FCC Rules on Broadcasting. 

2. Total resistance from pin 15 to ground, in test circuit, required to set reference 
frequency at pin 11 to lOkHz ± lOhz. 


TYPICAL PERFORMANCE CHARACTERISTICS 
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FM STEREO MULTIPLEX DECODER, PHASE LOCKED LOOP 


tA758 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) _ 

LAMP TURN ON & TURN OFF CAPTURE RANGES vs PILOT LEVEL 

SENSITIVITY vs AMBIENT 
TEMPERATURE 

I 16-- 52 I 

^ ^-^AMPON I 4 -Ta = -40°C ^ ^ ^ ^f — 

I 10 -—- 2 2 —-— 


-40 -20 0 20 40 60 80 100 

TEMPERATURE - ®C 




C-^ 

y'" 

+ 85“C 









= +85*C 

-1- 


10 20 30 40 50 60 

PILOT LEVEL — mVrms 


CHANNEL SEPARATION vs 
OSCILLATOR FREE RUNNING 
FREQUENCY ERROR 


"tT 

= 25 

‘C 






f = 

1kH2 



r~ 










u 


-i\ 






\y- 

V 

y 






r 

N 









. 

_ 

— 1 
1 

— ( 

1 

1 1 11 1 

NPUT SIGNAL = 30mVr{ 
MULTIPLEX SIGNAL 

L = 1, R = 0, PILOT OFF 
50mVrms 

ms- 

)=- 


OSCILLATOR FREE RUNNING 
FREQUENCY ERROR - % 


TEST CIRCUIT AND TYPICAL APPLICATION 


COMPOSITE 
MULTIPLEX - 
UNIT 


I 

>300^ js.gkn 


ce ^<R4 

= 390 pFf^ S5kn 
(N220) 1 OSCILLATOR 

I_1 ADJ 


Tolerance on resistors is ±5% and tolerance on capacitors is ±20% unless otherwise 
specified. Ci toierance = +100%; -20%, Ce tolerance = ±1% in test circuit and ±5% in 
typical applications, R3tolerance=±1%, R 4 toierance=±10%, Ri and R 2 tolerances=±1% 
in test circuit and ±5% in typicai application. 
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DUAL LOW-NOISE PREAMP 


LM387 


DESCRIPTION 

The LM387 is a dual preamplifier for the 
amplification of low level signals in applica¬ 
tions requiring optimum noise perform¬ 
ance. Each of the two amplifiers is com¬ 
pletely independent, with an internal power 
supply decoupler-regulator, providing 
110dB supply rejection and 60dB channel 
separation. Other outstanding features in¬ 
clude high gain (104dB), large output volt¬ 
age swing (Vcc - 2V p-p), and wide power 
bandwidth (75kHz, 20V p-p). The LM387 
operates from a single supply across the 
wide range of 9 to 40V. 

The amplifiers are internally compensated 
for all gains greater than 10. The LM387 is 
available in an 8 lead dual-in-line package. 


FEATURES 

• Low noise—0.8juV total input noise 

• High gain—104dB open loop 

• Single supply operation 

• Wide supply range 9 to 40V 

• Power supply rejection—11 OdB 

• Large output voltage swing (V CC - 2V 
P-P) 

• Wide bandwidth 15MHz unity gain 

• Power bandwidth 75kHz, 20V p-p 

• Internally compensated 

• Short circuit protected 


PIN CONFIGURATION 



N PACKAGE 

+ IN (1) [T 


[s] + IN (2) 

-IN [T 


ID -IN (2) 

GND rr 


T] Vcc 

OUTPUT (1) [T 


Tl OUTPUT (2) 

TOP VIEW 

ORDER NUMBER 

LM387N 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 

+40 

V 

Power dissipation 

500 

mW 

Operating temperature range 

0 to +70 

°C 

Storage temperature range 

-65 to +150 


Lead temperature (soldering, 60sec) 

+300 

°C 


EQUIVALENT CIRCUIT 


Vcc 
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DUAL LOW-NOISE PREAMP 


LM387 


DC ELECTRICAL CHARACTERISTICS Ta = 25 °C, Vcc = 14V unless 

otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LM387 

UNIT 

Min 

Typ 

Max 




Voltage gain 

Open loop 


160,000 


V/V 

Supply current 

Vcc 9 to 40V, Rl = °° 


10 


mA 

Input resistance 

Positive input 


100 


ka 


Negative input 


200 


kn 

Input current 

Negative input 


0.5 


mA 

Output resistance 

Open loop 


150 


a 

Output current 

Source 


8 


mA 


Sink 


2 


mA 

Output voltage swing 

Peak-to-peak 


Vcc-2 


V 


AC ELECTRICAL CHARACTERISTICS Ta = 25 °C, Vcc = 14V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LM387 

UNIT 

Min 

Typ 

Max 




Small signal bandwidth 



15 


MHz 

Power bandwidth 

20V p-p (Vcc = 24V) 


75 


kHz 

Maximum input voltage 

Linear operation 



300 

/iVrms 

Supply rejection ratio 

f=1kHz 


110 


dB 

Channel separation 

f=1kHz 


60 


dB 

Total harmonic distortion 

75dB gain, f= 1kHz 


0.1 


% 

Total equivalent input noise 

Rs = 600a, 100-10,000Hz 


0.8 

1.4 

/xVrms 

Noise figure 

50ka 100 -10,000Hz 


1.0 


dB 


10ka, 100-10,000Hz 


1.6 


dB 


5ka, 100 -10,000Hz 


2.8 


dB 


TYPICAL PERFORMANCE CHARACTERISTICS 
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DUAL LOW-NOISE PREAMP 


LM387 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont d) 


P-P OUTPUT VOLTAGE SWING 
vs VCC 


% DISTORTION 


CHANNEL SEPARATION 



10 20 30 

SUPPLY VOLTAGE - V 


Vcc 

= 12 
















































NAB EQUIVALENT X 










2 






50d^ 






_- 










40dB 



100 Ik 10k 

FREQUENCY - Hz 





















\ 
















Av = 106o 

Vcc=12V 

1_ 




100 Ik 10k 100k 

FREQUENCY - Hz 


PSRR VS FREQUENCY 


GAIN AND PHASE RESPONSE 




Ik 10k 100k 1M 10M 

FREQUENCY — Hz 


VOLTAGE GAIN vs 
SUPPLY VOLTAGE 


10 100 Ik 10k 0.1M 1M 10M 

FREQUENCY - Hz 



15 20 25 30 35 

SUPPLY VOLTAGE - V 


NOISE VOLTAGE 
vs FREQUENCY 


NOISE CURRENT 
vs FREQUENCY 


PULSE RESPONSE 


NOTE 

_u 

— 

R 

r— 

10 

n 

S 

= 0 


r 



















r 


h 

h- 


u 

L 


u 






L 







— 


— 


Av 

= 10 





L 






r 










L 








1 




i 





t- 








_I 


__1 


i 














__ 


_1 




\ ^ 





□ 







-20 -10 0 10 20 30 40 50 60 70 80 

TIME — ^iS 
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DUAL LOW-NOISE PREAMP 


LM387 
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POWER DRIVER 


NE/SE540 


DESCRIPTION FEATURES 

The NE/SE540 is a monolithic, class AB • Internal current limiting 
power amplifier designed specifically to • Low standby current 
drive a pair of complementary output tran- • High output current capability 
sistors. The device features low standby * Wide power bandwidth 
current yet retains a high output current • Low distortion 
drive capability with internal current limit¬ 
ing. A wide power bandwidth and excellent 
linearity make this device ideal for use an 
audio power amplifier. 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 



SE540 

±27 

V 

NE540 

±22 

V 

Operating temperature range 



SE540 

-55 to ±125 


NE540 

0 to ±70 

°c 

Storage temperature range 

-65 to ±150 

°c 

Output short circuit duration 

Indefinite 


(Not exceeding maximum dissipation.) 




PIN CONFIGURATION 



EQUIVALENT SCHEMATIC 
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POWERDRIVER 


NE/SE540 


DC ELECTRICAL CHARACTERISTICS Ta = 25®C and Vcc = ±20V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE540 

NE540 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 




Operating supply voltage 


±5 


±25 

±5 


±20 

m 

Quiescent current 



13 

20 


13 

20 


Input offset voltage 



5 

7 


7 

10 


Input offset current 



0.3 

0.7 


0.5 

1 


Input bias current 



1.5 

3 


2 

5 


Input impedance 



20 



20 



Current gain 


80 

100 


70 

90 



Gain variation over 
temperature range 

40dB gain 


±0.1 



±0.1 


III 

Power supply rejection ratio 

40dB gain 

80 

90 


60 

80 


nn 

Common mode rejection ratio 



110 



90 



Output drive current 


±120 

±150 


±80 

±100 


mA 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C and Vcc = ±20V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE540 

NE540 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Frequency response 

Distortion 

40dB gain ±1dB 

40dB gain, Output 3dB below 
clipping 

Rl = 6000 

Rl = 2kO 


500 

0.25 

0.06 

0.5 


100 

0.5 

0.06 

1.0 

kHz 

% 

Equivalent input noise voltage 

Rs = 6000 

50Hz to 500kHz 


10 



10 


mV 

Slew rate 

Vcc = ±20V 

VouT = ±15V 


200 



200 


V//XS 
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POWER DRIVER 


NE/SE540 


TYPICAL PERFORMANCE CHARACTERISTICS 


CLOSED LOOP 
FREQUENCY RESPONSE 



110 

100 

90 


^—1 
— POSITIVE SUP 




ply 



iNEGATIVE SUPPLY 


— 



































— 





0.1 1 10 100 
FREQUENCY - kHz 


QUIESCENT CURRENT 
vs SUPPLY VOLTAGE 



0 10 20 30 40 50 

SUPPLY VOLTAGE - V 


OPEN LOOP GAIN AND 
FREQUENCY RESPONSE 


PHASE RESPONSE vs 
FREQUENCY 


1 10 100 1,000 10,000 
FREQUENCY - kHz 


POWER SUPPLY REJECTION 
vs FREQUENCY 



FREQUENCY - kHz 


OUTPUT CURRENT vs Ib/VbE 
OF CURRENT LIMITEP 


OUTPUT CURRENT vs Ib/VbE 
OF CURRENT LIMITER 


200 
180 
< 160 
I 140 

I- 

m 120 

1,00 

O 

5 80 
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— 


Vc 


25V 










_ 








LO 

C 

URF 

ENT 




















< 


\ 










\ 

< 









Q 

1 

\ 






















_ 

□ 




200 

180 

160 

< 

E 140 

I 

t- 120 


—^^^—1—^^—! 

POSITIVE CURRENT LIMITER 




Vc( 


25V 


























LC 

AD 

DUR 

^ENT 





Ib = 

100/1a-i 

r 


w 







200,A^| 

» 






Ib = 300.A^ 

11 

= 600 

U J 




IHBiffiBli 

111 

[-Ib = 

n 

700/. 

lA 


□ 


Mifl 



400 600 800 

BASE-EMITTER VOLTAGE 


1000 
— mV 


TOTAL HARMONIC DISTORTION 
vs OUTPUT 


300 500 700 900 1100 

BASE-EMITTER VOLTAGE — mV 


OUTPUT SATURATION VOLTAGE 
vs LOAD 



E 

I 

LU 

<2 1600 

Hi 1400 
O 

Z 1200 
p 1000 
























HH 










■n 

■1 


-POSIT 

IVE_ 

WJi 




zr 



-NEGA 

TIVE_ 







2.0 ^ 


0.01 

OUTPUT POWER - 


1 10 100 1,000 10,000 
LOAD CURRENT - mA 


Signetics 


15-9 









ANALOG DIVISION 


MARCH 1982 


POWER DRIVER 


NE/SE540 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


TOTAL HARMONIC DISTORTION 
vs FREQUENCY 


INTERMODULATION DISTORTION 
vs LOAD 


Vcc= ±25V 
:Rl = 360Q z 
GAINs40dB- 


O.SdB 
BELOW y 

c upping/ 




-6dB 

I BELOW ; 
-CLIPPING 


s; 


fl = 150Hz 
f 2 = 7kHz 

h VOLTAGE RATIO 4:1 

OUTPUT =:1dB BELOW CLIPPING 
GAIN = 40dB 
VlOCC= +20V 

1 iJJ_I_LLiJ_1_Lll 


10 100 
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vs TEMPERATURE 
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POWER DRIVER NE/SE540 


TEST CIRCUITS 

OFFSET VOLTAGE MEASUREMENT OUTPUT BIAS CONTROL 



35 WATT AMPLIFIER 

P.C. BOARD LAYOUT PARTS LAYOUT 

(Bottom View) (Top View) 
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DUAL LOW-NOISE PREAMP 


NE542 


DESCRIPTION 

The NE542 is a dual preamplifier for the 
amplification of low level signals in applica¬ 
tions requiring optimum noise perform¬ 
ance. Each of the two amplifiers is com¬ 
pletely independent, with individual internal 
power supply decoupler-regulator, provid¬ 
ing IIOdB supply rejection and 70dBchan¬ 
nel separation. Other outstanding features 
include high gain (104dB), large output volt¬ 
age swing (Vcc -2Vp-p), and internal com¬ 
pensation to 10dB. The NE542 operates 
from a single supply across the wide range 
of 9 to 24V. 


FEATURES 

• Low noise—.T^uV total input noise 

• High gain—104dB open ioop 

• Single supply operation 

• Wide supply range 9 to 24V 

• Power supply rejection IIOdB 

• Large output voltage swing 
(Vcc p-p) 

• Wide bandwidth 15MHz unity gain 

• Power bandwidth 10OkHz (15V p-p) 

• Internally compensated (stable at 10dB) 

• Short circuit protected 

• High slew rate 5V//XS 


PIN CONFIGURATION 



N PACKAGE 


HN 


3 .,. ,3) 



3 'N '2) 

GND [T 


3 '^CC 

Output (1) [T 


3 Output (2) 


TOP VIEW 



ORDER NUMBER 

NE542N 



The NE542 is ideal for use in stereo phono, 
tape, or microphone preamps and other 
applications requiring low noise amplica¬ 
tion of small signals. 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 

+24 

V 

Power dissipation 

500 

mW 

Operating temperature range 

Oto +70 


Storage temperature range 

-65 to+150 

‘’C 

Lead temperature (soldering, 60sec) 

+300 



EQUIVALENT CIRCUIT 


Vcc 



DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = 14V 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

NE542 

UNIT 

Min 

Typ 

Max 



Supply voltage 


9 


24 

V 

Supply current 

Vcc = 9to18V,RL = » 


9 

15 

mA 

Input resistance 






Positive input 



100 


kn 

Negative input 



200 


kn 

Output resistance 

Open loop 


150 


n 
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DUAL LOW-NOISE PREAMP 


NE542 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = 14V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

NE542 

UNIT 

Min 

Typ 

Max 

Voltage gain 

Open loop 


160,000 


v/v 

Input current 






Negative input 



.5 


mA 

Output current 

Source 

8 

14 


mA 


Sink (linear operation) 

2 

3 


mA 

Output voltage swing 


Vcc -2.5 

Vcc -2 


V 

Small signal bandwidth 



15 


MHz 

Slew rate 



5 


V/mS 

Power bandwidth 

15V p-p 


100 


kHz 

Maximum input voltage 

Linear operation 



300 

mVrms 

Supply rejection ratio 

f = 60,120Hz 


100 


dB 


f = 1kHz 


110 


dB 

Channel separation 

f = 1kHz 


70 


dB 

Total harmonic distortion 

75dB gain, f = 1kHz 




% 

Total equivalent input 






Noise 

RS = 600n, 100- 10,000Hz 



1.2 

//Vrms 

Noise figure 

RS =50Kll, 10 - 10,00UHz 


1.2 


dB 


RS=20kaiO 10,000Hz 


1.2 


dB 


RS = lOkO, 10 - 10,000Hz 


T5 


dB 


RS = 5ka 10-10,000Hz 


2.4 


dB 


TYPICAL PERFORMANCE CHARACTERISTICS 
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DUAL LOW-NOISE PREAMP 


NE542 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


PSRR vs FREQUENCY 


GAIN AND PHASE RESPONSE 


VOLTAGE GAIN vs 
SUPPLY VOLTAGE 




10 100 Ik 10k 100k 1M 10M 

FREQUENCY - Hz 

NOISE VOLTAGE vs 
FREQUENCY 


NOTE: R 

... 1 U 

“I 

s = 

1 












L 




L 


I 


>__ 



















75 S z 
90 Z < 

UJ ^ 

105 w g 

120 S ^ 

135 5 



1 10 100 Ik 10k 0.1M 1M 10M 

FREQUENCY - Hz 

NOISE CURRENT 
vs FREQUENCY 



SUPPLY VOLTAGE — V 


PULSE RESPONSE 





1 





Ay 

= 10 























1 








~1 







1 





_ 





t 









n 

X- 


1 








T 
















_ 




_ 

□ 



FREQUENCY - Hz 


FREQUENCY - Hz 


-20 -10 0 10 20 30 40 50 60 70 

TIME - fiS 


TYPICAL APPLICATIONS _ 

TYPICAL TAPE PLAYBACK AMPLIFIER 



AUDIO MIXER 


iliF 500k 

N O—-- 


TWO-POLE FAST TURN-ON NAB TAPE PREAMP 


RIAA MAGNETIC PHONO PREAMP 



I ^ 2hF q- 2^iF j 

NOTE: All resistors values are typical and in ohms. 



15-14 


Signetics 








ANALOG DIVISION 


MARCH 1982 


COMPANDOR 


NE570/571/SA571 


DESCRIPTION 

The NE570/571 is a versatile low cost dual 
gain control circuit in which either channel 
may be used as a dynamic range compres¬ 
sor or expandor. Each channel has a full 
wave rectifier to detect the average value of 
the signal; a linerarized, temperature 
compensated variable gain cell; and an 
operational amplifier. 

The NE570/571 is well suited for use in tele¬ 
phone subscriber and trunk carrier systems, 
communications systems and hi-fi audio 
systems. 

FEATURES 

• Complete compressor and expandor In 
1 IC 

• Temperature compensated 

• Greater than 110dB dynamic range 

• Operates down to 6Vdc 

• System levels adjustable with external 
components 

• Distortion may be trimmed out 

CIRCUIT DESCRIPTION 

The NE570/571 compandor building 
blocks, as shown in the block diagram, are a 
full wave rectifier, a variable gain cell, an 
operational amplifier and a bias system. The 
arrangement of these blocks in the IC result 
in a circuit which can perform well with few 
external components, yet can be adapted to 
many diverse applications. 

The full wave rectifier rectifies the input 
current which flows from the rectifier input, 
to an internal summing node which is bi¬ 
ased at VpEp. The rectified current is aver¬ 
aged on an external filter capacitor tied to 
the CrecT terminal, and the average value 
of the input current controls the gain of the 
variable gain cell. The gain will thus be 
proportional to the average value of the 
input signal for capacitively coupled voltage 
inputs as shown in the following equation. 
Note that for capacitively coupled inputs 
there is no offset voltage capable of pro¬ 
ducing a gain error. The only error will come 
from the bias current of the rectifier (sup¬ 
plied internally) which is less than .l/uA. 

G oc I ^IN-VrEfI 

or 

G ^ |V|N^|.^ 


APPLICATIONS PIN CONFIGURATION 


• Telephone trunk compandor—570 

• Telephone subscriber compandor—571 

• High level limiter 

• Low level expandor—noise gate 

• Dynamic noise reduction systems 

• Voltage controlled amplifier 

• Dynamic filters 


F 

N PACKAGE 

Reel. Cap 1 | 1 


Te] Rect. Cap 2 

Reel. In 1 1 2 


15 1 Rect. In 2 

AG Cell In 1 [T 


TTI AG Cell In 2 

GND [T 


TTI VCC 

Inv. In 1 [T 


171 Inv. Irt 2 

Res, Ra 1 [T 


1T| Res. Ra 2 

Output 1 1 7 


10 1 Output 2 

THD Trim 1 [T] 


T] THO Trim 2 


TOP VIEW 


ORDER NUMBERS 

NE570F,N NE571F,N 

SA571F,N 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Positive supply 


Vdc 

570 

24 


571 

18 


T A Operating temperature range 



NE 

0 to 70 

°C 

SA 

-40 to +85 

°C 

PD Power dissipation 

400 

mW 


BLOCK DIAGRAM 



pressor application, this would lead to third 
harmonic distortion, so there is a tradeoff to 
be made between fast attack and decay 
times, and distortion. For step changes in 
amplitude, the change in gain with time is 
shown by this equation. 

G(t) = (Ginitial “ Gfinal) 

^ Sinai: 


V|n-Vref V|n 
l|N- JTz ~ "Ff 

A compensation scheme built into the AG 
cell compensates for temperature, and can¬ 
cels out odd harmonic distortion. The only 
distortion which remains is even harmonics, 
and they exist only because of internal 
offset voltages. The THD trim terminal pro¬ 
vides a means for nulling the internal offsets 
for low distortion operation. 


The speed with which gain changes to fol¬ 
low changes in input signal levels is deter¬ 
mined by the rectifier filter capacitor. A 
small capacitor will yield rapid response but 
will not fully filter low frequency signals. 
Any ripple on the gain control signal will 
modulate the signal passing through the 
variable gain cell. In an expandor or com- 


The variable gain cell is a current in, current 
out device with the ratio IoUT/Mn con¬ 
trolled by the rectifier. I in is the current 
which flows from the AG input to an internal 
summing node biased at Vpgp. The follow¬ 
ing equation applies for capacitively cou¬ 
pled inputs. The output current, I OUT. 'S 
fed to the summing node of the op amp. 


The operational amplifier (which is internal¬ 
ly compensated) has the non-inverting in¬ 
put tied to Vref- and the inverting input 
connected to the AG cell output as well as 
brought out externally. A resistor, R 3 , is 
brought out from the summing node and 
allows compressor or expandor gain to be 
determined only by internal components. 
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MARCH 1982 


COMPANDOR 


NE570/571/SA571 


The output stage is capable of ±20mA out¬ 
put current. This allows a +13dBm (3.5V 
rms) output into a 3000 load which, with a 
series resistor and proper transformer, can 
result in +13dBm withaSOOO output imped¬ 
ance. 

A band gap reference provides the refer¬ 
ence voltage for all summing nodes, a regu¬ 
lated supply voltage for the rectifier and AG 
cell, and a bias current for the AG cell. The 
low tempco of this type of reference pro¬ 
vides very stable biasing over a wide tem¬ 
perature range. 

The typical performance characteristics il¬ 
lustration shows the basic input-output 
transfer curve for basic compressor or ex¬ 
pander circuits. 


TYPICAL PERFORMANCE 
CHARACTERISTICS 


BASIC INPUT-OUTPUT 
TRANSFER CURVE 



OR 

EXPANDOR INPUT LEVEL (dBm) 


TYPICAL TEST CIRCUIT 



DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vec = 15V1 


PARAMETER 

TEST CONDITIONS 

NE570 

NE/SA5716 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vqq Supply voltage 


6 


24 

6 



18 

V 

Iqq Supply current 

No signal 


3.2 

4.0 



3.2 

4.8 

mA 

Output current capability 


±20 







mA 

Output slew rate 



±.5 






V/us 

Gain cell distortion^ 

Untrimmed 


.3 

1.0 



.5 

2.0 

% 


Trimmed 


.05 




.1 



Resistor tolerance 



±5 

±15 





% 

Internal reference voltage 


1.7 

1.8 

1.9 

1.65 


1.8 

1.95 

V 

Output dc shifts 

Untrimmed 


±20 

±50 



±30 

±100 

mV 

Expandor output noise 

No signal, 20Hz-20kHz 


20 






^\/ 




-15 






dBRNC 

Unity gain level 


-1 

0 

+1 

-1.5 


0 

+1.5 

dBm 

Gain changes,^ 

-40°C < T < 70°C 


±.1 




±.1 


dB 


0°C < T < 70°C 


±.1 

±.2 



±.1 

±.4 


Reference drifts 

-40°C < T < 70°C 


+2, -25 

0 

1 

0 



+2, -25 

+ 20, -50 

mV 


0°C < T < 70°C 


±5 

±10 



±5 

±20 


Resistor drift'' 

-40°C < T < 70°C 


+8,-0 






% 


O^C < T < 70°C 


+1,-0 







Tracking error 5, input 

Vi = OdBm 

Rectifier input, V 2 = 
+6dBm 
-lOdBm 


±.2 

+.2 

-.2,+.4 



+.2 

-.2,+.5 

, dB 


-20dBm 


+.2 

-.3,+.6 



+.2 

-.4,+.7 



-30dBm 


+.2 

-.5,+1 



+.2 

-1,+1.5 



-40dBm 


+.2,-.4 




+.2,-.4 




NOTES 


1. Except where indicated, the 571 specifications are identical to the 570 

2. Measured at OdBm,1kHz 

3. Expandor ac input change from no signal to OdBm 

4. Relative to value at = 25°C 

5. Relative to OdBm 

6. Electrical characteristics for the SA571 only are specified over -40 to 
+85®0 temperature range. 
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PROGRAMMABLE ANALOG COMPANDOR 


NE572 


DESCRIPTION 

The NE572 is a dual channel, high perfor¬ 
mance gain control circuit in which either 
channel may be used for dynamic range 
compression or expansion. Each channel 
has a full wave rectifier to detect the aver¬ 
age value of input signal; a linearized, tem¬ 
perature compensated variable gain cell 
(AG) and a dynamic time constant buffer. 
The buffer permits independent control of 
dynamic attack and recovery time with mini¬ 
mum external components and improved low 
frequency gain control ripple distortion over 
previous compandors. 

The NE672 is intended for noise reduction in 
high performance audio systems. It can also 
be used in a wide range of communication 
systems and video recording applications. 


FEATURES 

• Independent control of attack and 
recovery time. 

• Improved low frequency gain control 
ripple 

• Complementary gain compression and 
expansion with external Op Amp 

• Wide dynamic range—greater than 
110dB 

• Temperature compensated gain 
control 

• Low distortion gain cell 

• Low noise—6 mV typical 

• Wide supply voltage range—6V-22V 

• System level adjustable with external 
components. 

APPLICATIONS 

• Dynamic noise reduction system 

• Voltage control amplifier 

• Stereo expandor 

• Automatic level control 

• High level limiter 

• Low level noise gate 

• State variable filter 


PIN CONFIGURATION 


N PACKAGE 


TRACK TRIM A [T 


Te] vcc 

RECOV. CAP. A [T 


TbI track TRIM B 

RECT. IN A [T 


]T] RECOV. CAP. B 

ATTACK CAP A [T 


Ta] RECT. IN 8 

AG OUT A \T 


IFI ATTACK CAP B 

THD TRIM A |T 


IT] AG OUT B 

AG IN A FT 


'Tol THD TRIM B 

GROUND [F 


Tl AG IN B 


TOP VIEW 


ORDER NUMBER 


NE572N 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Vcc 

Supply voltage 

22 

VDC 

Ta 

Operating temperature range 

Oto 70 

°C 

Pd 

Power dissipation 

500 

mW 
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PROGRAMMABLE ANALOG COMPANDOR 


NE572 


ELECTRICAL CHARACTERISTICS Standard Test Conditions (unless otherwise noted) Vcc == 15V TA = 25®C Expander mode 

(see test circuit) Input signals at unity gain level = tOOmV RMS at 1KHz, = V 2 , R 2 = 3.3K 
R 3 = 17.3K 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 

Vcc 

Supply voltage 


6 


22 

VdC 

‘cc 

Supply current 

No Signal 



6 

mA 

Internal voltage reference 


2.3 

2.5 

2.7 

Vdc 

THD 

(untrimmed) 

1kHz Ca = I.OmF 


.2 

1.0 

% 

THD 

(trimmed) 

1 kHz Cr = IOmF 


.05 


% 

THD 

(trimmed) 

100Hz 


.25 


% 

No signal output noise 

Input to Vi and V 2 grounded (20-20kHz) 


6 

25 

uV 

DC level shift (untrimmed) 

Input change from no signal to lOOmV RMS 


±20 

±50 

MV 

Unity gain l^vel 


-1 

0 

+ 1 

dB 

Large signal distortion 

Vi=V2 = 400mV 


0.7 

3.0 

% 


Tracking error measured relative 

Rectifier input 


± .2 


dB 


to value at unity gain output 

V 2 = + 6 dB 







-30dB 


±.5 

-1.5 







+.8 


Channel crosstalk 

200mV RMS Into channel A, measured output on 
channel B 

60 



dB 

Power supply rejection ratio 

120Hz 

_i 

70 


dB 


TEST CIRCUIT 


• ImF 10012 
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DOLBY NOISE REDUCTION CIRCUIT 


NE645/46 


DESCRIPTION 

The NE645/646 is a monolithic audio noise 
reduction circuit designed as a direct 
replacement device for the NE645B/ 
NE646B in Dolby* B- and C-Type noise 
reduction systems. The NE645/646 is used 
to reduce the level of background noise in¬ 
troduced during recording and playback of 
audio signals on magnetic tape, and to im¬ 
prove the noise level in FM broadcast 
reception. This circuit is available only to 
licensees of Dolby Laboratories Licensing 
Corporation, San Francisco, California. 

NOTE 

*T.M. Dolby Laboratories Licensing Corporation. 


FEATURES 

• Accurate record mode frequency 
response 

• Excellent frequency response tracking 
with temperature and Vqc ± 0.4 dB 
typical 

• Excellent back-to-back dynamic 
response — D.C. shift less than 20 mV 
typical 

• Improved stability of ail op amps 

• High reliability packaging 


PIN CONFIGURATION 


N PACKAGE 


C INPUT |T 


H] V + 

B INPUT [T 


is] F CONTROL 

B OUTPUT \T 


To] G OUTPUT 

REFERENCE [T 


TU N/C 

A INPUT [T 


JH D INPUT 

A OUTPUT [T 


^ C OUTPUT 

EK OUTPUT |T 


^ D FILTER 

N/C |T 


1] GROUND 


TOP VIEW 


ORDER NUMBERS 


NE645N, NE646N 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 

Temperature range 

24 

V 

Operating 

0 to -f-70 

°c 

Storage 

-65 to -1-150 

“C 

Lead temperature (soldering, 60 sec) 

-I-300 

“C 


BLOCK DIAGRAM 
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DOLBY NOISE REDUCTION CIRCUIT 


NE645/46 


ELECTRICAL CHARACTERISTICS Vcc = 12 volts, f = 20 Hz to 20 kHz. 

All levels referenced to 580 mVrms (0 dB) at Pin 3,1^= +25°C 
Unless otherwise noted. 


PARAMETER 

TEST CONDITIONS 

NE645 

NE646 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Supply Voltage Range 


8 


20 

8 


20 

V 

Supply Current, \qq 

Vcc=12V 


16 

24 


16 

24 

mA 

Voltage gain (Pins 5-3) 

f = 1 kHz (Pins 6 and 2 connected) 

24.5 

26 

27.5 

24.5 

26 

27.5 

dB 

Voltage gain (Pins 3-7) 

f = 1 kHz, 0 dB at pin 3, noise 
reduction out 

-0.5 

0 

+ 0.5 

-0.5 

0 

+ 0.5 

dB 

Distortion 









THD, 2nd and 3rd harmonic 

f = 20 Hz -10 kHz, OdB 


0.05 

0.1 


0.05 

0.2 

% 


f = 20 Hz -10 kHz, -i-IOdB 


0.15 

0.3 


0.2 

0.5 

% 

Signal handling"' (Vcc=12V) 

1% dist at 1 kHz 

-1-12 

-H5 


+ 12 

+ 15 


dB 

Signal-to-noise ratio^ 

Record mode 

67 

72 


64 

72 


dB 


Playback mode 

77 

82 


74 

82 


dB 

Record mode 

Frequency response 

f= 1.4kHz 








(at pin 7) referenced 

OdB 

-1 

0 

+ 1 

-1.5 

0 

+ 1.5 

dB 

to encode monitor point 

-20dB 

-16.6 

-15.6 

-14.6 

-17.1 

-15.6 

-14.1 

dB 

(pin 3) 

-30dB 

-23.5 

-22.5 

-21.5 

-24.0 

-22.5 

-21.0 

dB 


f = 5kHz 









OdB 

-0.7 

+ 0.3 

+ 1.3 

- 1.2 

+ 0.3 

+ 1.8 

dB 


-20dB 

-17.8 

-16.8 

-15.8 

- 18.3 

-16.8 

-15.3 

dB 


-30dB 

-22.8 

-21.8 

-20.8 

-23.3 

-21.8 

-20.3 

dB 


-40dB 

-30.2 

-29.7 

-28.7 

-30.2 

-29.7 

- 28.2 

dB 


f= 20kHz 









OdB 

-0.3 

-1-0.7 

+ 1.7 

-0.8 

+ 0.7 

+ 2.2 

dB 


-20dB 

-18.3 

-17.3 

-16.3 

- 18.8 

-17.3 

-15.8 

dB 


-30dB 

-24.5 

-23.5 

-22.5 

-25.0 

-23.5 

-22.0 

dB 

Back-to-back frequency 

Using typical record mode 

-1 

0 

+ 1 

-1.5 

0 

+ 1.5 

dB 

response 

frequency response test points 








Input resistance 

Pin 5 

35 

50 

65 

35 

50 

65 

kQ 


Pin 2 

3.1 

4.2 

5.3 

3.1 

4.2 

5.3 

kQ 

Output resistance 

Pin 6 

1.9 

2.4 

3.1 

1.9 

2.4 

3.1 

kQ 


Pin 3 


80 

120 


80 

120 

Q 


Pin 7 


80 

120 


80 

120 

Q 

Back-to-back frequency 
response shift 









Versus temperature 

0°-70"C 


±0.4 



±0.4 


dB 

Versus supply voltage 

8-20V 


±0.4 



o 

+1 


dB 


NOTES 

1. See maximum signal handling versus supply voltage characteristics. 

2. All noise levels are measured CCIR/ARM weighted using a 10K source with respect to Dolby level. See Dolby Laboratories Bulletin 19. 
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DOLBY NOISE REDUCTION CIRCUIT 

NE645/46 

PERFORMANCE CHARACTERISTICS 



THD vs FREQUENCY RECORD MODE THD vs FREQUENCY RECORD MODE THD vs FREQUENCY PLAY MODE 



100 IK 10K 100 IK 10K 100 IK 10K 

FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz) 


THD VS FREQUENCY MAXIMUM SIGNAL HANDLING vs 

THD vs OUTPUT RECORD MODE NOISE REDUCTION (NR) OFF SUPPLY VOLTAGE 



20 -10 0 +10 +20 100 IK 10K 8 10 12 14 16 18 

OUTPUT (dB) FREQUENCY (Hz) Vcc - SUPPLY VOLTAGE (VOLTS) 


SUPPLY CURRENT vs 
SUPPLY VOLTAGE 



8 10 12 14 16 18 

Vcc - SUPPLY VOLTAGE (VOLTS) 
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DOLBY NOISE REDUCTION CIRCUIT 


NE645/46 


APPLICATION INFORMATION 

The NE645/646 is a direct repiacement for 
the NE645B/646B. The NE645/646 incorpo¬ 
rates improved design techniques to in¬ 
sure excelient performance required in 
Doiby B and C Type Audio Noise Reduc¬ 
tion Systems. Criticai component values 
are unchanged except for C309 on Pin 1 
which is now an optional component in 
specific applications defined by Dolby 
Laboratories. All circuit parameters are 
guaranteed at 12V Vcc- 


DOLBY ENCODER Output for constant level input (single tone frequency response) 


Frequency 

(kHz) 

Input Level (dB) | 

0 

(Dolby 

Level) 

-5 

-10 

-15 

-20 

-25 

-30 

-35 

-40 

0.1 

0 

0.1 

0 

0.1 

0 

0 

0 

0 

0 

0.14 

0 

0.2 

0.2 

0.2 

0.2 

0.2 

0.1 

0.2 

0.1 

0.2 

0 

0.3 

0.4 

0.5 

0.5 

0.6 

0.6 

0.5 

0.5 

0.3 

0 

0.3 

0.6 

1.1 

1.3 

1.3 

1.3 

1.3 

1.3 

0.4 





2.0 

2.1 

2.2 

2.3 

2.1 

0.5 

0 

0.3 

0.8 

1.8 

2.6 

2.9 

2.9 

3.0 

2.9 

0.6 






3.6 

3.7 

3.8 

3.7 

0.7 

0 

0.4 

0.9 

2.1 

3.5 

4.3 

4.4 

4.5 

4.4 

0.8 






4.8 

5.0 

5.3 

5.1 

0.9 







5.6 

5.8 

5.6 

1.0 

0 

0.4 

1.0 

2.3 

4.2 

5.7 

6.1 

6.3 

6.2 

1.2 







6.9 

7.1 

7.1 

1.4 

0 

0.3 

0.9 

2.3 

4.4 

6.6 

7.5 

7.7 

7.7 

2.0 

0.1 

0.4 

0.9 

2.2 

4.3 

7.0 

8.5 

8.9 

8.9 

3.0 

0.2 

0.6 

0.9 

1.9 

3.9 

6.6 

8.8 

9.7 

9.7 

5.0 

0.3 

0.6 

1.0 

1.7 

3.2 

5.4 

8.2 

10.0 

10.3 

7.0 

0.3 

0.6 

1.0 

1.7 

2.8 

4.7 

7.3 

9.7 

10.4 

10.0 

0.4 

0.7 

1.1 

1.7 

2.6 

4.2 

6.5 

9.1 

10.4 

14.0 

0.5 

0.8 

1.1 

1.8 

2.7 

4.4 

6.5 

8.7 

10.3 

20.0 

0.7 

0.7 

1.2 

1.9 

2.7 

4.4 

6.5 

8.7 

10.3 


NOTE 


The figures given in this table are the average response of many of Dolby Laboratories’ professional encoders, and are 
not intended to be taken as required consumer equipment performance characteristics. Thus, no inference should be 
drawn on the tolerances which licensees must retain in consumer equipment. The figures can, however, be used to 
plot typical characteristics. 


TEST CIRCUIT NE645/646 



15-22 


Signetics 













ANALOG DIVISION 


MARCH 1982 


LOW VOLTAGE DOLBY NOISE REDUCTION CIRCUIT NE648/49 


DESCRIPTION 

The NE648/649 Is an audio noise reduction 
circuit designed for use in low voltage en¬ 
tertainment systems. The circuit is used 
to reduce the level of background noise in¬ 
troduced during the recording and play¬ 
back of audio signals on magnetic tape 
and improve the noise level in FM broad¬ 
cast reception. The circuit is intended for 
use in automotive and portable cassette 
Dolby* B and C Type noise reduction sys¬ 
tems. This circuit is available only to 
licensees of Dolby Laboratories Licensing 
Corp., San Francisco. 

NOTE 

*T.M. Dolby Laboratories Licensing Corporation 


PIN CONFIGURATION 


N PACKAGE 


C INPUT (T 


Tg v + 

B INPUT [T 


l|] F CONTROL 

B OUTPUT |T 


14] G OUTPUT 

REFERENCE \T 


^ BIAS 

A INPUT |T 


m D INPUT 

A OUTPUT [T 


]T| C OUTPUT 

EK OUTPUT |T 


1^ D FILTER 

NIC |T 


T] GROUND 


TOP VIEW 


ORDER NUMBERS 

NE648N, NE649N 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 

Temperature range 

16 

V 

Operating 

- 40 to - 1 - 85 

“C 

Storage 

-65 to -1-150 

X 

Lead temperature (soldering 60sec) 

-F300 

X 


BLOCK DIAGRAM 
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LOW VOLTABE DOLBY NOISE REDUCTION CIRCUIT NE648/49 


DC ELECTRICAL CHARACTERISTICS Vcc=9V, f = 20H2 to 20kHz. 

All levels referenced to 580mVrms (OdB) at pin 3, + 25"C unless otherwise noted. 


PARAMETER 

TEST CONDITIONS 

NE648 

NE649 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 




Supply voltage range^ 


6 

9 

14 

6 

9 

14 

V 

Minimum voltage supply for 
8 dB headroom 

f= 1.4kHz 

6.5 



6.5 



V 

10dB headroom 

THD<1% 

7.5 



7.5 



V 

Supply Current, Ice 



11 

18 


11 

18 

mA 

Supply Current,"' Ice 




20 



20 

mA 

Voltage gain (pins 5-3) 

f=1kHz 

(pins 6 and 2 connected) 

24.5 

26 

27.5 

24.5 

26 

27.5 

dB 

Voltage gain (pins 3-7) 

f = 1kHz, OdB at pin 3, 
noise reduction out 

-0.5 

0 

+ 0.5 

-0.5 

0 

+ 0.5 

dB 

Distortion 

f = 20kHz to 10kHz, OdB 


0.05 

0.1 


0.05 

0.2 

% 

f = 20Hzto 10kHz, -HlOdB 


0.2 

0.3 


0.2 

0.5 

% 

Signal Handling 









(See Performance Characteristics) 









Record 

67 

72 


64 

72 


dB 

Signal-to-noise ratio^ 

(pins 6 and 2 connected) 
Playback 

(pins 6 and 2 connected) 

77 

82 


74 

82 


dB 


f= 1.4kHz 









OdB 

-1 

0 

+ 1 

-1.5 

0 

+ 1.5 

dB 


-20dB 

-16.6 

-15.6 

-14.6 

-17.1 

-15.6 

-14.1 

dB 


-30dB 

-23.5 

-22.5 

-21.5 

-24.0 

-22.5 

-21.0 

dB 


f = 5kHz 








Record mode frequency 

OdB 

-0.7 

+ 0.3 

+ 1.3 

-1.2 

+ 0.3 

+ 1.8 

dB 

response (at pin 7) referenced 

-20dB 

-17.8 

-16.8 

-15.8 

-18.3 

-16.8 

-15.3 

dB 

to encode monitor point 

-30dB 

-22.8 

-21.8 

-20.8 

-23.3 

-21.8 

-20.3 

dB 

(pin 3) 

-40dB 

-30.2 

-29.7 

-28.7 

-30.2 

-29.7 

-28.2 

dB 


f = 20kHz 









OdB 

-0.3 

+ 0.7 

+ 1.7 

-0.8 

+ 0.7 

+ 2.2 

dB 


-20dB 

-18.3 

-17.3 

-16.3 

-18.8 

-17.3 

-15.8 

dB 


-30dB 

-24.5 

-23.5 

-22.5 

-25.0 

-23.5 

-22.0 

dB 

Back-to-back frequency 

Using typical record mode 


±1.0 



± 1.5 


dB 

response 

response 






Input resistance 

Pin 5 

35 

50 

65 

35 

50 

65 

kD 

Pin 2 

3.1 

4.2 

5.3 

3.1 

4.2 

5.3 

kfi 


Pin 6 

1.9 

2.4 

3.1 

1.9 

2.4 

3.1 

kfi 

Output resistance 

Pin 3 


80 

120 


80 

120 

n 


Pin 7 


80 

120 


80 

120 

fi 

Record mode frequency 
response shift 









Versus temperature 

Oto 70 “C 
-40 to 85 “C 


±0.3 

±0.5 





dB 

dB 

Versus Vqc 

6 to 14V 


0.2 





dB/V 


NOTES 

1. With electronic switching. 

2. All noise levels are measured CCIR/ARM weighted using a 10K source with respect to Dolby level. See Dolby Laboratories Bulletin 19. 

3. The circuit will function as low as Vcq = 4.5V (i.e. output signal present). See graphs of l^c signal handling vs Vqq. 
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LOW VOLTABE DOLBY NOISE REDUCTION CIRCUIT NE648/49 


PERFORMANCE CHARACTERISTICS 
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MAROH 1982 


LOW VOLTABE DOLBY NOISE REDUCTION CIRCUIT NE648/49 


DOLBY ENCODER Output for constant level input (single tone frequency response) 



NOTE 


The figures given in this table are the average response of many of Dolby Laboratories’ professional encoders, and are 
not intended to be taken as required consumer equipment performance characteristics. Thus, no inference should be 
drawn on the tolerances which licensees must retain in consumer equipment. The figures can, however, be used to 
plot typical characteristics. 


TEST CIRCUIT NE648/49 
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DOLBY B/C TYPE NOISE REDUCTION CIRCUIT 


NE650 


DESCRIPTION 

The NE650 is a monolithic audio noise re¬ 
duction circuit designed for use in Dolby* 
B/C Type noise reduction systems. The 
NE650 is used to reduce the level of back¬ 
ground noise introduced during recording 
and playback of audio signals on magnetic 
tape. The NE650 features excellent dy¬ 
namic characteristics over a wide range of 
operating conditions and is pin compati¬ 
ble with NE645/646. This circuit is avail¬ 
able only to licensees of Dolby Laborator¬ 
ies Licensing Corp., San Francisco. 

NOTE 

*T.M. Dolby Laboratories Licensing Corporation. 


PIN CONFIGURATION 


N PACKAGE 


C INPUT [T 


v + 

B INPUT [F 


^ F CONTROL 

B OUTPUT \T 


G OUTPUT 

REFERENCE \T 


^ N/C 

A INPUT |T 


T|] D INPUT 

A OUTPUT \T 


Ti] C OUTPUT 

EK OUTPUT [T 


^ D FILTER 

N/C |T 


T] GROUND 


TOP VIEW 


ORDER NUMBER 


NE650N 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 

24 

V 

Temperature range 



Operating 

0 to -1- 70 

"C 

Storage 

-65 to -1-150 

X 

Lead temperature (soldering 60sec) 

-H300 

X 


BLOCK DIAGRAM 
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DOLBY B/C TYPE NOISE REDUCTION CIRCUIT NE650 


DC ELECTRICAL CHARACTERISTICS Vcc= 12 V, f = 20Hz to 20kHz. 

All levels referenced to580mVrms(0dB)at pin 3,7^= +25®C unless otherwise noted. 


PARAMETER 

TEST CONDITIONS 

NE650 

UNIT 

Min 

Typ 

Max 

Supply voltage range 


8 


20 

V 

Supply current, Icc 

Electronic switching on 


16 

24 

mA 

Voltage gain (pins 5-3) 

f = 1kHz (pins 6 and 2 connected) 

25.5 

26 

26.5 

dB 

Voltage gain (pins 3-7) 

f = kHz, OdB at pin 3, noise reduction out 

-0.5 

0 

-1-0.5 

dB 

Voltage gain (pins 2-3) 

f=1kHz 


13 


dB 

Distortion 

f = 20Hz to 10kHz, OdB 


0.05 

0.1 

% 

THD; 2nd and 3rd harmonic 

f = 20Hzto 10kHz, -HlOdB 


0.15 

0.3 

% 

Signal handling 

1% distortion at 1kHz 

-h12 

-t-15 


dB 


Record mode 

68 

72 


dB 

Signal-to-noise ratio* 

Playback mode 

78 

82 


dB 

Back-to-back frequency response 

Using typical record mode response 


±0.5 


dB 


f= 1.4kHz 






OdB 

-0.5 

0 

-f 0.5 

dB 


-20dB 

-16.1 

-15.6 

-15.1 

dB 


-30dB 

-23.5 

-22.5 

-21.5 

dB 


f=*5kHz 






OdB 

-0.7 

-1-0.3 

+ ^.3 

dB 

Record mode frequency response (at pin 7) 

-20dB 

-17.3 

- 16.8 

-16.3 

dB 

referenced to encode monitor point (pin 3) 

-30dB 

-22.3 

-21.8 

-21.3 

dB 


-40dB 

-30.2 

-29.7 

-29.2 

dB 


f=20kHz 






OdB 

-0.3 

-f-0.7 

-1-1.7 

dB 


-20dB 

-18.3 

-17.3 

-16.3 

dB 


-30dB 

-24.5 

-23.5 

-22.5 

dB 


Pin 5 

35 

50 

65 

kfi 

Input resistance 

Pin 2 

3.1 

4.2 

5.3 

kfi 


Pin 6 

1.9 

2.4 

3.1 

kfi 

Output resistance 

Pin 3 


80 

120 

U 


Pin 7 


80 

120 

U 

Back-to-back frequency response shift 






Versus 

OX to -70X 


±0.4 


dB 

Versus Vqq 

8 to 20V 


±0.4 


dB 


*AII noise levels are measured CCIR/ARM weighted using a 10K source with respect to Dolby level. See Dolby Laboratories Bulletin 19. 
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DOLBY B/C TYPE NOISE REDUCTION CIRCUIT 


NE650 


PERFORMANCE CHARACTERISTICS 


THD vs FREQUENCY RECORD MODE 


THD vs FREQUENCY RECORD MODE 


THD vs FREQUENCY PLAY MODE 




FREQUENCY (Hz) 


1K 

FREQUENCY (Hz) 



FREQUENCY (Hz) 


THD vs OUTPUT RECORD MODE 


= 


= 

= 


















— 

— 

— 





















20 

_ 

10 



THD vs FREQUENCY 
NOISE REDUCTION (NR) OFF 



MAXIMUM SIGNAL HANDLING vs 
SUPPLY VOLTAGE 


^ ^ 1 

1%THD 

RECORD MODE , 



1 kH 









/ 





/ 






FREQUENCY (Hz) 


Vcc - SUPPLY VOLTAGE (VOLTS) 


SUPPLY CURRENT vs 
SUPPLY VOLTAGE 



Vcc - SUPPLY VOLTAGE (VOLTS) 
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DOLBY B/C TYPE NOISE REDUCTION CIRCUIT NE650 


DOLBY ENCODER Output for constant level Input (single tone frequency response) 



NOTE 

The figures given in this tabie are the average response of many of Doiby Laboratories’ professionai encoders, and are 
not intended to be taken as required consumer equipment performance characteristics. Thus, no inference should be 
drawn on the tolerances which licensees must retain in consumer equipment. The figures can, however, be used to 
plot typical characteristics. 


TEST CIRCUIT NE650 



NOTE 

All resistors standard and are measured in OHMS. 
•Optional capacitor in specific applications defined 
by Dolby Laboratories. 


SeOOpF 0.027,iF== 

1 % 1% I 
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PHASE-LOCKED LOOPS-SYMBOLS AND DEFINITIONS 


Ta 

Ambient temperature range. Range of the surrounding environment 
of the operating device. 

Tj 

Junction Temperature. The maximum temperature of the device. 
160°C is standard for silicon devices. 

TSTG 

storage temperature range. Temperature range that the device can 
be stored in a non-operating condition. 

TsOLD 

Soldering Temperature. The temperature which can be applied to 
the lead frame of the device for short periods of time (normally 
specified for a duration of 10 sec). 

Truth Tables 

0 is logic level low 
1 is logic level high 

X - don’t care condition - has no effect under circuit conditions 
listed. 

Absolute Maximum Rating 

Operating safe zones exceeding these limits could cause perma¬ 
nent damage to the device and are not meant to imply that devices 
can operate at these limits. 

Power Dissipation 

The power that the device can safely handle at 25°C. The dissipa¬ 
tion must be derated as indicated for the individual package type. 

Package Type Designation 

See full package designations in Appendix. 

Vcc (-Vcc) 

Supply Voltage. The range of power supply voltage over which the 
device will operate safely. 

FREE-RUNNING FREQUENCY (fo', (^ q ). 

Also called the center frequency, this is the frequency at which the 
loop VCO operates when not locked to an input signal. The “prime” 
superscripts are used to distinguish the free-running frequency 
from fo' and coq' which are used for the general oscillator frequency. 
(Many references use Iq' and coq' for both the free-running and 
general oscillator frequency and leave the proper choice for the 
reader to infer from the context). The appropriate units for Iq' and 
coq' are Hz and radians per second respectively. 

LOCK RANGE (2fL, 2ajL) ‘ 

The range of frequencies over which the loop will remain in lock. 
Normally the lock range is centered at the free-running frequency 
unless there is some nonlinearity in the system which limits the 
frequency deviation on one side of The deviations from fo' are 
referred to as the Tracking Range or Hold-in Range. (See figure 
1.6). The tracking range is therefore one-half of the lock range. 

CAPTURE RANGE (2fc, 2a;c).*‘ 

Although the loop will remain in lock throughout its lock range, It 
may not be able to acquire lock at the tracking range extremes 
because of the selectivity afforded by the low-pass filter. The cap¬ 


ture range also is centered at fo" with the equal deviations called 
the Lock-in or Pull-in Ranges. The capture range can never exceed 
the lock range. 

LOCK-UP TIME (tL).*** 

The transient time required for a free-running loop to lock. This time 
depends principally upon the bandwidth selectivity designed into 
the loop with the low-pass filter. The lock-up time is inversely 
proportional to the selectivity bandwidth. Also, lock-up time exhib¬ 
its a statistical spreading due to random initial phase relationships 
between the input and oscillator phases. 

PHASE COMPARATOR CONVERSION GAIN (Kd). 

The conversion constant relating the phase comparators output 
voltage to the phase difference between input and VCO signals 
when the loop is locked. At low input signal levels, K(j is also a 
function of signal amplitude. K(j has units of volli per radian 
(V/rad). 

VCO CONVERSION GAIN (Kq). 

The conversion constant relating the oscillators frequency shift 
from fo' to the applied input voltage. Kq has units of radians per 
second per volt (rad/sec/volt). Kq is a linear function of u)q' and 
must be obtained using a formula or graph provided or experimen¬ 
tally measured at the desired ojq . 

LOOP GAIN (Ky). 

The product of Kj, Kq, and the low-pass filters gain at dc. K^i is 
evaluated at the appropriate input signal level and Kq at the appro¬ 
priate (jJq. Ky has units of (sec)“ V 

CLOSED LOOP GAIN (CLG). 

The output signal frequency and phase can be determined from a 
product of the CLG and the input signal where the CLG is given by 



NATURAL FREQUENCY (wn). 

The characteristic frequency of the loop, determined mathemat¬ 
ically by the final pole positions in the complex plane or determined 
experimentally as the modulation frequency for which an 
underdamped loop gives the maximum frequency deviation from fo' 
and at which the phase error swing is the greatest. 

DAMPING FACTOR (f)- 

The standard damping constant of a second order feedback sys¬ 
tem. For the PLL, f refers to the ability of the loop to respond 
quickly to an input frequency step without excessive overshoot. 

LOOP NOISE BANDWIDTH (BO- 

A loop property relating and r which describes the effective 
bandwidth of the received signal. Noise and signal components 
outside this bandwidth are greatly attenuated. 

* Also called Synchronization Range. 

* * Also called Acquisition Range. 

* * ‘Also called Acquisition Time. 

NOTE 

Refer to Section 10 of the 1979 Analog Applications Manual for an in-depth explanation of 
Phase Locked Loops and their applications. 
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PHASE LOCKED LOOP 


NE/SE564 


DESCRIPTION 

The NE564 is a versatile, high guaranteed 
frequency Phase Locked Loop designed 
for operation up to 50MHz. As shown in 
the block diagram, the NE564 consists of 
a VCO, limiter, phase comparator, and 
post detection processor. 

APPLICATIONS 

• High speed modems 

• FSK receivers and transmitters 

• Frequency synthesizers 

• Signal generators 

• Various satcom/TV systems 


FEATURES 

• Operation with single 5V supply 

• TTL compatible inputs and outputs 

• Guaranteed operation to 50MHz 

• External loop gain control 

• Reduced carrier feedthrough 

• No elaborate filtering needed in FSK 
applications 

• Can be used as a modulator 

• Variable loop gain (Externally 
Controlled) 


PIN CONFIGURATION 


D, 

F, N PACKAGE 

v+ [T 


lil TTL OUTPUT 

LOOP GAIN - 

CONTROL I 2 


Ts] HYSTERISIS SET 

INPUT TO PHASE _ 

COMPARATOR [X 
FROM VCO - 


TT) ANALOG OUTPUT 

LOOP FILTER [T 


TJ] FREQ. SET CAP. 

LOOP FILTER [T 


TFI FREQ. SET CAP. 

FM/RF INPUT [F 


TT] VCO OUTPUT #2 

BIAS FILTER [T 


IF) V+ 

GROUND [X 


T] VCO OUTPUT TTL 


TOP VIEW 

ORDER NUMBERS 

NE/SE564F NE/SE564N 
NE/SE564D 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

V-f 

Supply voltage 



V 


Pin 1 


14 



Pin 10 


6 


Pd 

Power dissipation 


400 

mW 

Ta 

Operating temperature 

NE 

Oto 70 

°C 


Operating temperature 

SE 

-55 to -FI25 


^stg 

Storage temperature 


-65 to 150 

°C 


FUNCTIONAL DESCRIPTION 

The NE564 is a monolithic phase locked 
loop with a post detection processor. The 
use of Schottky clamped transistors and op¬ 
timized device geometries extends the fre¬ 
quency of operation to greater than 50MHz. 
In addition to the classical PLL applications, 
the NE564 can be used as a modulator with 
a controllable frequency deviation. 

The output voltage of the PLL can be written 
as shown in the following equation: 


Vo 


^vco 


Equation 1 


K\/co “ conversion gain of the VCO (see figure 7) 
fjn = frequency of the input signal 
fg = free running frequency of the VCO 


BLOCK DIAGRAM 



The process of recovering FSK signals in¬ 
volves the conversion of the PLL output into 
logic compatible signals. For high data 
rates, a considerable amount of carrier will 
be present at the output of the PLL due to 
the wideband nature of the loop filter. To 
avoid the use of complicated filters, a com¬ 
parator with hysterisis or Schmitt trigger is 
required. With the conversion gain of the 
VCO fixed, the output voltage as given by 
Equation 1 varies according to the frequen¬ 
cy deviation of fjn from fQ. Since this differs 
from system to system, it is necessary that 
the hysterisis of the Schmitt trigger be ca¬ 
pable of being changed, so that it can be 
optimized for a particular system. This is 
accomplished in the 564 by varying the volt¬ 
age at pin 15 which results in a change of 
the hysterisis of the Schmitt trigger. 


For FSK signals, an important factor to be 
considered is the drift in the free running 
frequency of the VCO itself. If this changes 
due to temperature, according to Equation 1 
it will lead to a change in the dc levels of the 


Signetics 


16-5 















ANALOG DIVISION 


MARCH 1982 


PHASE LOCKED LOOP 


NE/SE564 


ELECTRICAL CHARACTERISTICS Vcc = 5V, Ta = 25‘*C, fo = 5MHz, \q = 400iiA unless otherwise specified 


PARAMETER 

TEST CONDITIONS 

SE564 

NE564 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

VCO frequency 

Cl = 6pF 

50 

65 


45 

60 


MHz 

Lock range 

Input ^ 200mVrmsTA= 25®C 

40 

70 


40 

70 


% Of fo 


= 125“C 

20 

30 







= -SS^C 

70 

90 







= 0^ 




50 

70 




= 70“C 




25 

40 



Capture range 

Input ^ 200mVrms, R 2 =R 3 = 27fi 

20 

30 


20 

30 


% of fo 

VCO frequency drift with 

fo=5MHz, Ta= -55*C to 125“C 


400 

1000 




PPM/“C 

temperature 

= 0^ to 70*C 





400 

1250 



fo = 500KHz, Ta= -55"C to 125X 


250 

500 






= 0X to 70X 





400 

850 


VCO free running frequency 

1 









fo=^7^ ,Ci = 80pF 

4 

5 

6 

3.5 

5 

7 

MHz 


25RcCi -,000 “Internal” 








VCO frequency change with 

Vcc = 4.5V to 5.5V 


3 

8 


3 

8 

% of fo 

supply voltage 









Demodulated output voltage 

Modulation frequency: 1KHz 









fo= 5MHz, input deviation: 









2%T=25"C 

18 

24 


18 

24 


mVrms 


1%T = 25“C 

8 

14 


8 

14 


mVrms 


= 0‘’C 




9.0 

13 


mVrms 


= -55‘’C 

6 

10 





mVrms 


= 70^ 




11.0 

15 


mVrms 


= 125‘’C 

12 

16 





mVrms 

Distortion 

Deviation: 1%to8% 


1 



1 


% 

Signal to noise ratio 

Std. condition, 1% to 10% dev. 


40 



40 


dB 

AM rejection 

Std. condition, 30% AM 


35 



35 


dB 

Demoduiated Output at 

Modulation frequency: 1KHz 








operating voltage 

fo = 5MHz, input deviation: 1% 









Vcc=4.5V 

7 

12 


7 

12 


mVrms 


Vcc = 5.5V 

8 

14 


8 

14 


mVrms 

Supply current 

Vcc = 5Vli,lio 


45 

60 


45 

60 1 

mA 

Output 









“1” output leakage current 

Vout = 5V, Pin 16,9 


1 

20 


1 

20 

iiA 

“0” output voltage 

Iqut — 2mA, Pin 16, 9 


0.3 

0.6 


0.3 

0.6 

V 


louT= 6mA, Pin 16, 9 


0.4 

0.8 


0.4 

0.8 

V 


PLL output, and consequently to errors in 
the digital output signal. This is especially 
true for narrow band signals where the devi¬ 
ation in fjn itself may be less than the 
change in fo due to temperature. This effect 
can be eliminated if the dc or average value 
of the signal is retrieved and used as the 
reference to the comparator. In this manner, 
variations in the dc levels of the PLL output 
do not affect the FSK output. 

VCO Section 

Due to its inherent high frequency perform¬ 
ance, an emitter coupled oscillator is used in 
the VCO. In the circuit, shown in the equi¬ 
valent schematic, transistors Q 21 and Q 23 
with current sources Q25“Q26 
sic oscillator. The free running frequency of 
the oscillator is shown in the following equa¬ 
tion: 


f --1- Equation 2 

° i6RcCi 

Rc = Ri9 = R 20 = 100-^ (INTERNAL) 

= external frequency setting capacitor 

Variation of V^j (phase detector output volt¬ 
age) changes the frequency of the oscilla¬ 
tor. As indicated by Equation 2, the frequen¬ 
cy of the oscillator has a negative 
temperature coefficient due to the positive 
temperature coefficient of the monolithic re¬ 
sistor. To compensate for this, a current Ir 
with negative temperature coefficient is in¬ 
troduced to achieve a low frequency drift 
with temperature. 

Phase Comparator Section 

The phase comparator consists of a double 
balanced modulator with a limiter amplifier 
to improve AM rejection. Schottky clamped 


vertical PNPs are used to obtain TTL level 
inputs. The loop gain can be varied by 
changing the current in Q 4 and Q 15 which 
effectively changes the gain of the differen¬ 
tial amplifiers. This can be accomplished by 
introducing a current at pin 2 , 

Post Detection Processor 
Section 

The post detection processor consists of a 
unity gain transconductance amplifier and 
comparator. The amplifier can be used as a 
dc retriever for demodulation of FSK sig¬ 
nals, and as a post detection filter for linear 
FM demodulation. The comparator has ad¬ 
justable hysterisis so that phase jitter in the 
output signal can be eliminated. 

As shown in the equivalent schematic, the 
dc retriever is formed by the transductance 
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PHASE LOCKED LOOP 


NE/SE564 


amplifier Q42~Q43 together with an exter¬ 
nal capacitor which is connected at the am¬ 
plifier output (pin 14). This forms an integra¬ 
tor whose output voltage is shown in the 
following equation; 

9m . 

- ---VinOt Equation 3 

= transconductance of the amplifier 
C2 = capacitor at the output (pin 14) 

Vjn = signal voltage at amplifier input 

With proper selection of C 2 , the integrator 
time constant can be varied so that the out¬ 
put voltage is the dc or average value of the 
input signal for use in FSK, or as a post 
detection filter in linear demodulation. 

The comparator with hysterisis is made up 
of Q49-Q50 with positive feedback being 
provided by 047 - 048 - The hysterisis is 
varied by changing the current in O 52 with a 
resulting variation in the loop gain of the 
comparator. This method of hysterisis con¬ 
trol. which is a dc control, provides symmet¬ 
ric variation around the nominal value. 


Design Formula 

The free running frequency of the VCO is 
shown by the following equation; 

Equation 4 

Rc = 10012 

= external cap in farads 

The loop filter diagram shown is explained 
by the following equation; 

1 

Equation 5 

1 + SRC3 ^ 

R = Ri 2 = Ri 3 = 1-3kfl (INTERNAL) 

By adding capacitors to pins 4 and 6 . two 
poles are added to the loop transfer function 
1 

at a> = ——— 

RC 3 . 

FM DEMODULATOR 

The NE564 can be used as an FM 
demodulator. The connections for operation 


at 5V and 12V are shown in figures 2 and 3 
respectively. The input signal is ac coupled 
with the output signal being extracted at pin 
14. Loop filtering is provided by the capaci¬ 
tors at pins 4 and 5 with additional filtering 
being provided by the capacitor at pin 14. 
Since the conversion gain of the VCO is not 
very high, to obtain sufficient demodulated 
output signal the frequency deviation in the 
input signal should be fairly high ( 1 % or 
higher). 


MODULATION TECHNIQUES 

The NE564 phase locked loop can be modu¬ 
lated at either the loop filter ports (pins 4 
and 5) or the input port (pin 6 ) as shown in 
figure 4. The approximate modulation fre¬ 
quency can be determined from the frequen¬ 
cy conversion gain curve shown in figure 5. 
This curve will be appropriate for signals 
injected into pins 4 and 5 as shown in 
figure 4. 


EQUIVALENT SCHEMATIC 
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FSK Demodulation 

The 564 PLL is particularly attractive for 
FSK demodulation since it contains an inter¬ 
nal voltage comparator and VCO which have 
TTL compatible inputs and outputs, and it 
can operate from a single 5 volt power sup¬ 
ply. Demodulated dc voltages associated 
with the mark and space frequencies are 
recovered with a single external capacitor in 
a dc retriever without utilizing extensive fil¬ 
tering networks. An internal comparator, 
acting as a Schmitt trigger with an adjust¬ 
able hysteresis, shapes the demodulated 
voltages into compatible TTL output levels. 
The high frequency design of the 564 en¬ 
ables it to demodulate FSK at high data 
rates in excess of 1.0M baud. 

Figure 6 shows a high-frequency FSK de¬ 
coder designed for input frequency devi¬ 
ations of ± 1.0MHz centered around a free- 
running frequency of 10.8MHz. The value of 
the timing capacitance required was esti¬ 
mated from figure 8 to be approximately 
40pF. A trimmer capacitor was added to fine 
tune fo' to 10.8MHz. 

Figure 9 indicates that the ± 1.0MHz fre¬ 
quency deviations will be within the lock 
range for input signal levels greater than ap¬ 
proximately 50mV with zero pin 2 bias cur¬ 
rent. While strictly this figure is appropriate 
only for 6MHz, it can be used as a guide for 
lock range estimates at other fo^ fre¬ 
quencies. 

The hysteresis was adjusted experimentally 
via the lOkfi potentiometer and 2ki2 bias ar¬ 
rangement to give the waveshape shown in 
figure 7 for 20K, 500K, 2M baud rates with 
square wave FSK modulation. Note the mag¬ 
nitude and phase relationships of the phase 
comparators output voltages with respect to 
each other and to the FSK output. The high 
frequency sum components of the input and 
VCO frequency also are visible as noise on 
the phase comparators outputs. 
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DESCRIPTION 

The SE/NE565 Phase-Locked Loop (PLL) is 
a self-contained, adaptable filter and de¬ 
modulator for the frequency range from 
0.001 Hz to 500kHz. The circuit comprises a 
voltage-controlled oscillator of exceptional 
stability and linearity, a phase comparator, 
an amplifier and a low-pass filter as shown 
in the block diagram. The center frequency 
of the PLL is determined by the free-running 
frequency of the VCO; this frequency can be 
adjusted externally with a resistor or a ca¬ 
pacitor. The low-pass filter, which deter¬ 
mines the capture characteristics of the 
loop, is formed by an internal resistor and an 
external capacitor. 

FEATURES 

• Highly stable center frequency 
(200ppm/°C typ.) 

• Wide operating voltage range (±6 to ±12 
volts) 

• Highly linear demodulated output (0.2% 

typ) 

• Center frequency programming by 
means of a resistor or capacitor, voltage 
or current 

• TTL and DTL compatible square-wave 
output; loop can be opened to insert 
digital frequency divider 

• Highly linear triangle wave output 

• Reference output for connection of com¬ 
parator in frequency discriminator 

• Bandwidth adjustable from < ±1% to 
> ±60% 

• Frequency adjustable over 10 to 1 range 
with same capacitor 

APPLICATIONS 

• Frequency shift keying 

• Modems 

• Telemetry receivers 

• Tone decoders 

• SCA receivers 

• Wideband FM discriminators 

• Data synchronizers 

• Tracking filters 

• Signal restoration 

• Frequency multiplication & division 



ABSOLUTE MAXIMUM RATINGS 


D PACKAGE 


INPUT [T 
NC \T 
INPUT [T 

VCO OUTPUT [T 

PHASE ,_ 

COMPARATOR [T 
VCO INPUT '— 
NC [X 
REFERENCE pr 
OUTPUT ' — 


T4] V- 
JH NC 

m v-t- 

—rt EXTERNAL C 
±LI FOR VCO 
"iTn EXTERNAL R 

FOR VCO 

T] NC 

■^1 DEMODULATED 
— ' OUTPUT 

TOP VIEW 

ORDER NUMBER 

NE/SE565D 


Ta = 25°C unless otherwise specified. 


PARAMETER 

RATING 

UNIT 

Maximum operating voltage 

26 

V 

Input voltage 

3 

Vp-p 

Storage temperature 

-65 to ±150 

°c 

Operating temperature range 

NE565 

0 to ±70 

°c 

SE565 

-55 to ±125 

°c 

Power dissipation 

300 

mW 


BLOCK DIAGRAM 



EQUIVALENT SCHEMATIC 
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ELECTRICAL CHARACTERISTICS Ta = 25® C, Vcc = ±6V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE565 

NE565 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

SUPPLY REQUIREMENTS 









Supply voltage 


12 


±12 

±6 


±12 

V 

Supply current 



8 

12.5 


8 

12.5 

mA 

INPUT CHARACTERISTICS 









Input impedancei 


7 

10 


5 

10 


ka 

Input level required for 

fo = 50kHz, ±10% 

10 

1 


10 

1 


mVrms 

tracking 

frequency deviation 








VCO CHARACTERISTICS 









Center frequency 









Maximum value 

Ci = 300pF 

300 

500 



500 


kHz 

Distribution2 

Distribution taken about 









fo= 50kHz, Ri = 5.0ka, Ci = 1200pF 

-10 

0 

±10 

-30 

0 

±30 

% 

Drift with temperature 

fo = 50kHz 


200 



300 


ppm/°C 

Drift with supply voltage 

fo = 50kHz, Vcc = ±6 to ±7 volts 


0.1 

1.0 


0.2 

1.5 

%/V 

Triangle wave 









Output voltage level 


1.9 

0 


1.9 

0 


V 

Amplitude 



2.4 

3 


2.4 

3 

Vp-p 

Linearity 



0.2 



0.5 


% 

Square wave 









Logical “1” output voltage 

fo = 50kHz 

±4.9 

±5.2 


±4.9 

±5.2 


V 

Logical “0” output voltage 

fo = 50kHz 


-0.2 

±0.2 


-0.2 

±0.2 

V 

Duty cycle 

fo = 50kHz 

45 

50 

55 

40 

50 

60 

% 

Rise time 



20 

100 


20 


ns 

Fall time 



50 

200 


50 


ns 

Output current (sink) 


0.6 

1 


0.6 

1 


mA 

Output current (source) 


5 

10 


5 

10 


mA 

DEMODULATED OUTPUT CHARACTERISTICS 









Output voltage level 

Measured at pin 7 

4.25 

4.5 

4.75 

4.0 

4.5 

5.0 

V 

Maximum voltage swings 



2 



2 


Vp-p 

Output voltage swing 

±10% frequency deviation 

250 

300 


200 

300 


mVp-p 

Total harmonic distortion 



0.2 

0.75 


0.4 

1.5 

% 

Output impedance4 



3.6 



3.6 


ka 

Offset voltage (V6-V7) ’ 



30 

100 


50 

200 

mV 

Offset voltage vs temperature (drift) 



50 ' 



100 


juvrc 

AM rejection 


30 

40 



40 


dB 


NOTES 

1. Both input terminals (pins 2 and 3) must receive identical dc bias. This bias may range 
from 0 volts to -4 volts. 

2. The external resistance for frequency adjustment (R1) must have a value bet\«een 2kft 
and 20kn. 

3. Output voltage swings negative as input frequency increases. 

4. Output not buffered. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


POWER SUPPLY CURRENT 
AS A FUNCTION OF 
SUPPLY VOLTAGE 

20 -,-^-,- 

Rl = FREQUENCY SETTING 
RESISTOR I 


VCO CONVERSION GAIN 


10 14 18 22 

TOTAL SUPPLY VOLTAGE - V 

LOCK RANGE 
AS A FUNCTION OF 
GAIN SETTING RESISTANCE 
(PIN 6-7) 






— 

< < 

I + 

II II 

-I-6V 

-6V 




















0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
RELATIVE FREE-RUNNING FREQUENCY - fo 


-75-50-25 0 25 50 75 100 125 

TEMPERATURE —“C 


LOCK RANGE 
AS A FUNCTION OF 
INPUT VOLTAGE 



0.5 1.0 1.5 2.0 2.5 3.0 

VOLTAGE BETWEEN PIN 7 AND PIN 10 - V 10 -V 7 

CHANGE IN FREE-RNNING 
VCO FREQUENCY AS A 
FUNCTION OF TEMPERATURE 


0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 
NORMALIZED LOCK RANGE 

VCO OUTPUT 
WAVEFORM 




DESIGN FORMULAS 
(See Figure 1) 

1.2 

Free-running frequency of VCO; fo- -in Hz 

4RiCi 

8fo 

Lock-range: fL=±-in Hz 

Vcc _ 

1 [ 2 ^ 
Capture-range: fc - ± — \ /- 

2-17 y T 

where t = ( 3 . 6 X 103 ) X C2 


TYPICAL APPLICATIONS 
FM Demodulation 

The 566 Phase Locked Loop is a general 
purpose circuit designed for highly linear 
FM demodulation. During lock, the average 
dc level of the phase comparator output 
signal is directly proportional to the fre¬ 
quency of the input signal. As the input 
frequency shifts, it is this output signal 
which causes the VCO to shift its frequency 
to match that of the input. Consequently, 
the linearity of the phase comparator output 
with frequency is determined by the 
voltage-to-frequency transfer function of 
the VCO. 


Because of its unique and highly linear 
VCO, the 565 PLL can lock to and track an 
input signal over a very wide bandwidth 
(typically ±60%) with very high linearity 
(typically, within 0.5%). 

A typical connection diagram is shown in 
Figure 1. The VCO free-running frequency is 
given approximately by 
1 2 

fo ~ 4 Rici 3nd should be adjusted to be at 
the center of the input signal frequency 
range. Cl can be any value, but Rl should 
be within the range of 2000 to 20,000 ohms 
with an optimum value on the order of 4000 
ohms. The source can be direct coupled if 
the dc resistances seen from pins2and3are 
equal and there is no dc voltage difference 
between the pins. A short between pins 4 
and 5 connects the VCO to the phase com¬ 
parator. Pin 6 provides a dc reference volt¬ 
age that is close to the dc potential of the 
demodulated output (pin 7). Thus, if a resist¬ 
ance is connected between pins 6 and 7, the 
gain of the output stage can be reduced with 
little change in the dc voltage level at the 
output. This allows the lock range to be 


decreased with little change in the free- 
running frequency. In this manner the lock 
range can be decreased from ±60% of fo to 
approximately ±20% of fo (at ±6V). 

A small capacitor (typically 0.001 /uF) should 
be connected between pins 7 and 8 to elimi¬ 
nate possible oscillation in the control cur¬ 
rent source. 

A single-pole loop filter is formed by the 
capacitor C2, connected between pin 7 and 
the positive supply, and an internal resist¬ 
ance of approximately 3600 ohms. 
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Frequency Shift Keying (FSK) 

FSK refers to data transmission by means of 
a carrier which is shifted between two preset 
frequencies. This frequency shift is usuaily 
accomplished by driving a VCO with the 
binary data signal so that the two resulting 
frequencies correspond to the “0” and "1” 
states (commonly called space and mark) of 
the binary data signal. 

A simple scheme using the 565 to receive 
FSK signals of 1070Hz and 1270H2 is 
shown in Figure 2. As the signal appears at 
the input, the loop locks to the input fre¬ 
quency and tracks it between the two fre¬ 
quencies with a corresponding dc shift at 
the output. 

The loop filter capacitor C2 is chosen small¬ 
er than usual to eliminate overshoot on the 
output pulse, and a three-stage RC ladder 
filter is used to remove the carrier compo¬ 
nent from the output. The band edge of the 
ladder filter is chosen to be approximately 
half way between the maximum keying rate 
(in this case 300 baud or 150Hz) and twice 
the input frequency (approximately 
2200Hz). The output signal can now be 
made logic compatible by connecting a 
voltage comparator between the output and 
pin 6 of the loop. The free-running frequen¬ 
cy is adjusted with R1 so as to result in a 
slightly-positive voltage at the output with 
fiN = 1070Hz. 

The input connection is typical for cases 
where a dc voltage is present at the source 
and therefore a direct connection is not 
desirable. Both input terminals are returned 
to ground with identical resistors (in this 
case, the values are chosen to effect a 600- 
ohm input impedance). 

Frequency Multiplication 

There are two methods by which frequency 
multiplication can be achieved using the 
565; 

1. Locking to a harmonic of the input signal. 

2. Inclusion of a digital frequency divider or 
counter in the loop between the VCO and 
phase comparator. 

The first method is the simplest, and can be 
achieved by setting the free-running fre¬ 
quency of the VCO to a multiple of the input 
frequency. A limitation of this scheme is that 
the lock range decreases as successively 
higher and weaker harmonics are used for 
locking. If the input frequency is to be 
constant with little tracking required, the 
loop can generally be locked to any one of 
the first 5 harmonics. For higher orders of 
multiplication, or for cases where a large 
lock range is desired, the second scheme is 
more desirable. An example ofthis might be 


a case where the input signal varies over a 
wide frequency range and a large multiple 
of the input frequency is required. 

A block diagram of the second scheme is 
shown in Figure 3. Here the loop is broken 
between the VCO and the phase compara¬ 
tor, and a frequency divider is inserted. The 
fundamental of the divided VCO frequency 
is locked to the Input frequency in this case, 
so that the VCO is actually running at a 
multiple of the input frequency. The amount 
of multiplication is determined by the fre¬ 
quency divider. A typical connection 
scheme is shown in Figure 4. To set up the 
circuit, the frequency limits of the input 
signal must be determined. The free- 
running frequency of the VCO is then ad¬ 
justed by means of R1 and C1 (as discussed 
under FM demodulation) so that the output 
frequency of the divider Is midway between 
the input frequency limits. The filter capaci¬ 
tor, C2, should be large enough to eliminate 
variations in the demodulated output volt¬ 
age (at pin 7), in order to stabilize the VCO 
frequency. The output can now be taken as 
the VCO squarewave output, and its funda¬ 
mental will be the desired multiple of the 
input frequency (fiN) as long as the loop is in 
lock. 

SCA (Background Music) Decoder 

Some FM stations are authorized by the 
FCC to broadcast uninterrupted back¬ 
ground music for commerical use. To do 
this a frequency modulated subcarrier of 
67kHz Is used. The frequency Is chosen so 


as not to interfere with the normal stereo or 
monaural program; in addition, the level of 
the subcarrier is only 10% of the amplitude 
of the combined signal. 

The SCA signal can be filtered out and 
demodulated with the NE565 Phase Locked 
Loop without the use of any resonant cir¬ 
cuits. A connection diagram is shown in 
Figure 5. This circuit also serves as an 
example of operation from a single power 
supply. 

A resistive voltage divider is used to estab¬ 
lish a bias voltage for the input (pins 2 and 
3). The demodulated (multiplex) FM signal is 
fed to the input through a two-stage high- 
pass filter, both to effect capacitive coupling 
and to attenuate the strong signal of the 
regular channel. A total signal amplitude, 
between 80mV and 300mV, is required at the 
input. Its source should have an impedance 
of less than 10,000 ohms. 

The Phase Locked Loop is tuned to 67kHz 
with a 5000 ohm potentiometer; only ap¬ 
proximate tuning is required, since the loop 
will seek the signal. 

The demodulated output (pin 7) passes 
through a three-stage low-pass filter to 
provide de-emphasis and attenuate the 
high-frequency noise which often accom¬ 
panies SCA transmission. Note that no ca¬ 
pacitor is provided directly at pin 7; thus, the 
circuit is operating as a first-order loop. The 
demodulated output signal is in the order of 
50mV and the frequency response extends 
to 7kHz. 
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DESCRIPTION 

The NE/SE 566 Function Generator is a 
voltage controlled oscillator of exceptional 
linearity with buffered square wave and 
triangle wave outputs.The frequency of os¬ 
cillation is determined by an external resis¬ 
tor and capacitor and the voltage applied ♦o 
the control terminal. The oscillator can be 
programmed over a ten to one frequency 
range by proper selection of an external 
resistance and modulated over a ten to one 
range by the control voltage, with excep¬ 
tional linearity. 


FEATURES 

• Wide range of operating voitage (up to 24 
volts) 

• High linearity of modulation 

• Highly stable center frequency (200 
ppm/°C typical) 

• Highly linear triangle wave output 

• Frequency programming by means of a 
resistor or capacitor, voltage or current 

• Frequency adjustable over 10 to 1 range 
with same capacitor 

APPLICATIONS 

• Tone generators 

• Frequency shift keying 

• FM modulators 

• Clock generators 

• Signal generators 

• Function generators 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Maximum operating voltage 

26 

V 

Input voltage 

3 

Vp-p 

Storage temperature 

-65 to +150 


Operating temperature range 

NE566 

0 to +70 

°c 

SE566 

-55 to +125 

*’0 

Power dissipation 

300 

mW 


BLOCK DIAGRAM 


(current! I SCHMITT I ,( BUFFER I _. 

SOU^S n TRIGGER J lAMPLIFIERr 3|^ 


J BUFFER |4 _- 


T 


PIN CONFIGURATIONS 



EQUIVALENT SCHEMATIC 
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ELECTRICAL CHARACTERISTICS Ta = 25®C; Vcc = 12V unless otherwise specified. 


PARAMETER 

SE566 

NE566 

UNIT 

Min 


Max 



Max 

GENERAL 





■■■ 


HjHfiiHH 

Operating temperature range 

-55 





70 


Operating supply voltage 






24 


Operating supply current 


7 




12.6 


VC01 








Maximum operating frequency 


1 



1 


MHz 

Frequency drift with temperature 


200 



300 


ppm/®C 

Frequency drift with supply voltage 


1 



2 


%/V 

Control terminal input impedance2 


1 



1 


Mn 

FM distortion (±10% deviation) 


0.2 

0.75 


0.4 


% 

Maximum sweep rate 


1 



1 


MHz 

Sweep range 


10:1 



10:1 



OUTPUT 








Triangle wave output 








Impedance 


50 



50 


n 

Voltage 

1.9 

2.4 


1.9 

2.4 


Vpp 

Linearity 


0.2 



0.5 


% 

Square wave input i 








Impedance 


50 



50 


n 

Voltage 

5 

5.4 


5 

5.4 


Vpp 

Duty Cycle 

45 

50 

55 

40 

50 

60 

% 

Rise time 


20 



20 


ns 

Fall Time 


50 



50 


ns 


NOTES 


1. The external resistance for frequency adjustment (Ri) must have a value between 2kn 
and 20Kn. 

2. The bias voltage (Vc) applied to the control terminal (pin 5) should be in the range 
3/4V+ < Vc < V+. 


TYPICAL PERFORMANCE CHARACTERISTICS 


NORMALIZED FREQUENCY AS A 
FUNCTION OF CONTROL VOLTAGE 


NORMALIZED FREQUENCY AS A 
FUNCTION OF RESISTANCE (RI) 


CHANGE IN FREQUENCY AS A 
FUNCTION OF TEMPERATURE 



0 0.5 1.0 1.5 2.0 2.5 3.0 

CONTROL VOLTAGE 
(BETWEEN PIN 8 AND PIN 5) — VOLTS 



0.1 0.2 0.5 1 2 5 10 

NORMALIZED FREQUENCY 



TEMPERATURE-(“C) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont d) 



OPERATING INSTRUCTIONS 

The SE/NE566 Function Generator is a 
general purpose voltage controlled oscilla¬ 
tor designed for highly linear frequency 
modulation. The circuit provides simul¬ 
taneous square wave and triangle wave 
outputs at frequencies up to 1 MHz. A typical 
connection diagram is shown in Figure 1. 
The control terminal (pin 5) must be biased 
externally with a voltage (Vc) in the range 

3/4 V^< Vc< 

where Vcc is the total supply voltage. In 
Figure 1, the control voltage is set by the 
voltage divider formed with R 2 and R 3 . The 
modulating signal is then ac coupled with 


the capacitor C 2 . The modulating signal can 
be direct coupled as well, If the appropriate 
dc bias voltage Is applied to the control 
terminal. The frequency is given approxi¬ 
mately by 

2 [(V'‘) - (Vc)] 


and Ri should be in the range 2 kn < Ri < 

20kn. 

A small capacitor (typically 0.001/uf) should 
be connected between pins 5 and 6 to elimi¬ 
nate possible oscillation in the control cur¬ 
rent source. 

If the VCO is to be used to drive standard 


logic circuitry, it may be desirable to use a 
dual supply of ±5 volts as shown in Figure 2. 
In this case the square wave output has the 
proper dc levels for logic circuitry. RTL can 
be driven directly from pin3. ForDTLorT2L 
gates, which require a current sink of more 
than 1mA, it is usually necessary to connect 
a 5kn resistor between pin 3 and negative 
supply. This increases the current sinking 
capability to 2mA. The third type of inter¬ 
face shown uses a saturated transistor be¬ 
tween the 566 and the logic circuitry. This 
scheme is used primarily for T2L circuitry 
which requires a fast fall time (<50ns) and a 
large current sinking capability. 
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DESCRIPTION 

The SE/NE567 tone and frequency decoder 
is a highly stable phase-locked loop with 
synchronous AM lock detection and power 
output circuitry. Its primary function is to 
drive a load whenever a sustained frequen¬ 
cy within its detection band is present at the 
self-biased input. The bandwidth center 
frequency, and output delay are independ¬ 
ently determined by means of four external 
components. 


FEATURES 

• Wide frequency range (.01 Hz to 500kHz) 

• High stabiiity of center frequency 

• independently controllable bandwidth 
(up to 14 percent) 

• High out-band signal and noise rejection 

• Logic-compatible output with 100mA 
current sinking capability 

• Inherent immunity to false signals 

• Frequency adjustment over a 20 to 1 
range with an external resistor 

• Military processing available 


APPLICATIONS 

• Touch Tone® decoding 

• Carrier current remote controls 

• Ultrasonic controls (remote TV, etc.) 

• Communications paging 

• Frequency monitoring and control 

• Wireless intercom 

• Precision oscillator 

ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Operating temperature 



NE567 

0 to +70 

‘’C 

SE567 

-55 to +125 

‘‘C 

Operating voltage 

10 

V 

Positive voltage at input 

0.5 + Vs 

V 

Negative voltage at input 

-10 

Vdc 

Output voltage (collector 

15 

Vdc 

of output transistor) 



Storage temperature 

-65 to +150 

°C 

Power dissipation 

300 

mW 


PIN CONFIGURATIONS 



BLOCK DIAGRAM 


9 


3 

1 PHASE 1_ 


_ ^2 _ 

1l9K I ^ 

s 

I 

1 

1 

1 

jjjH^ 

I 

II 


7 

C 3 Output 
-i- Filter 

1 
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DC ELECTRICAL CHARACTERISTICS (V+ = 5.0V; Ta = 25®C unless otherwise specified.) 


PARAMETER 

TEST CONDITIONS 

SE567 

NE567 

UNiT 

Min 

Typ 

Max 

Min 

Typ 

Max 

CENTER FREQUENCY1 









Highest center frequency (fo) 


100 

500 


100 

500 


kHz 

Center frequency stabilityS 

-55 to +125®C 


35±140 



35±140 


ppm/°C 


0 to +70‘’C 


35±60 



35±60 


ppm/°C 

Center frequency shift with supply voltage 

fo = 100kHz 


0.5 

1 


0.7 

2 

%/V 

DETECTION BANDWIDTH 









Largest detection bandwidth 

fo = 100kHz 

12 

14 

16 

10 

14 

18 

% of fo 

Largest detection bandwidth skew 



2 

4 


3 

6 

% of fo 

Largest detection bandwidth— 

Vi = SOOmVrms 


±0.1 



±0.1 


%/®C 

variation with temperature 









Largest detection bandwidth— 

Vi = aoOmVrms 


±2 



±2 


%/V 

variation with supply voltage 









INPUT 









Input resistance 



20 



20 


kn 

Smallest detectable input voltage (Vj) 

II = 100mA, fi = fo 


20 

25 


20 

25 

mVrms 

Largest no-output input voltage 

II = 100mA, fi = fo 

10 

15 


10 

15 


mVrms 

Greatest simultaneous outband 



+6 



+6 


dB 

signal to inband signal ratio 









Minimum input signal to wideband 

Bn = 140kHz 


-6 



-6 


dB 

noise ratio 









OU'i PUT 









Fastest on-off cycling rate 



fo/20 



fo/20 



“1” output leakage current 



0.01 ' 

25 


0.01 

25 

mA 

“0” output voltage 

II = 30mA 


0.2 

0.4 


0.2 

0.4 

V 


II = 100mA 


0.6 

1.0 


0.6 

1.0 

V 

Output fall time3 

Rl = 500 


30 



30 


ns 

Output rise time3 

Rl = 500 


150 



150 


ns 

GENERAL 









Operating voltage range 


4.75 


9.0 

4.75 


9.0 

V 

Supply current quiescent 



6 

8 


7 

10 

mA 

Supply current—activated 

Rl = 20kO 


11 

13 1 


12 

15 

mA 

Quiescent power dissipation 



30 



35 


mW 


NOTES 

1. Frequency determining resistor Ri should be between 1 and 20kn. 

2. Applicable over 4.75 to 5.75 volts. See graphs for more detailed information. 

3. Pin 8 to Pin 1 feedback Rl network selected to eliminate pulsing during turn-on and 
turn-off. 


TYPtCAL PERFORMANCE CHARACTERISTICS 


BANDWIDTH vs INPUT 
SIGNAL AMPLITUDE 



2 4 6 8 10 12 14 16 

BANDWIDTH - % OF fg 


LARGEST DETECTION 
BANDWIDTH vs 
OPERATING FREQUENCY 



0.1 1 10 100 
CENTER FREQUENCY — kHz 


DETECTION BANDWIDTH AS 
A FUNCTION OF C 2 and C 3 



2 4 6 8 10 12 14 16 

BANDWIDTH - % OF fo 
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TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


TYPICAL SUPPLY CURRENT 
vs SUPPLY VOLTAGE 








LOAD 

“ON” CURRENT 


7’^ 





QUIESCENT 

CURRENTj 






5 6 7 8 9 10 

SUPPLY VOLTAGE - V 


GREATEST NUMBER OF CYCLES 
BEFORE OUTPUT 


BANDWIDTH LIMITED BY_ 
EXTERNAL RESISTOR 
y (MINIMUM C 2 ) 


-BANDWIDTH 
"LIMITED BY Cj" 


5 10 50 100 

BANDWIDTH — % of fo 


TYPICAL OUTPUT VOLTAGE 
V8 TEMPERATURE 



-75 -25 0 25 50 75 100 125 

TEMPERATURE - »C 


TYPICAL FREQUENCY DRIFT 
WITH TEMPERATURE 
(MEAN AND S.D.) 



-75 -25 0 25 75 125 

TEMPERATURE — *C 


TYPICAL FREQUENCY DRIFT 
WITH TEMPERATURE 
(MEAN AND S.D.) 



-1.5 I _I_I_ \ _I_ i _^^_ I 

-75 -25 0 25 75 125 


TEMPERATURE - *C 


TYPICAL FREQUENCY DRIFT 
WITH TEMPERATURE 
(MEAN AND S.D.) 

rjTTl +V = 7.0 VOLTS (1) 

+V = 9.0 V0LTS(2) 


( 2 ): 




( 1 ): 









-75 -25 0 25 75 125 

TEMPERATURE - “C 


CENTER FREQUENCY 
TEMPERATURE COEFFICIENT 
(MEAN AND S.D.) 
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t 

tj 
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4.5 5.0 5.5 6.0 6.5 7.0 
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CENTER FREQUENCY 
SHIFT WITH SUPPLY 
VOLTAGE CHANGE vs 
OPERATING FREQUENCY 
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■nm 
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TYPICAL BANDWIDTH VARIATION 
WITH TEMPERATURE 
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DESIGN FORMULAS 


/ Vi 

BW 1070 -r?r- in % of fo, Vi < 200mVrms 

V foC2 

Where 

Vi = Input Voltage (Vrms) 

C 2 = Low-Pass Filter Capacitor (yuF) 

PHASE LOCKED LOOP 
TERMINOLOGY CENTER 
FREQUENCY (fo) 

The free-running frequency of the current 
controlled oscillator (CCO) in the absence 
of an input signal. 

Detection Bandwidth (BW) 

The frequency range, centered about fo, 
within which an input signal above the 
threshold voltage (typically 20mVrms) will 
cause a logical zero state on the output. The 
detection bandwidth corresponds to the 
loop capture range. 

Lock Range 

The largest frequency range within which 
an input signal above the threshold voltage 
will hold a logical zero state on the output. 

Detection Band Skew 

A measure of how well the detection band is 
centered about the center frequency, fo. The 
skew is defined as (fmax + fmin -2fo)/2fo 
where fmax and fmin are the frequencies 
corresponding to the edges of the detection 
band. The skew can be reduced to zero if 
necessary by means of an optional center¬ 
ing adjustment. 

OPERATiNG iNSTRUCTIONS 

Figure 1 shows a typical connection dia¬ 
gram for the 567. For most applications, the 
following three-step procedure will be 
sufficient for choosing the external compo¬ 
nents Ri, Cl, C 2 and C 3 . 

1. Select Ri and Ci for the desired center 
frequency. For best temperature stability, 
Ri should be between 2K and 20K ohm, and 
the combined temperature coefficient of the 
R 1 C 1 product should have sufficient stabili¬ 
ty over the projected temperature range to 
meet the necessary requirements. 

2. Select the low pass capacitor, C 2 , by 
referring to the Bandwidth versus Input 
Signal Amplitude graph. If the input ampli¬ 
tude variation is known, the appropriate 
value of foC 2 necessary to give the desired 
bandwidth may be found. Converseiy, an 
area of operation may be selected on this 
graph and the input level and C 2 may be 
adjusted accordingly. For example, con- 



Response to lOOmVrms tone burst. 
Rl = 100 ohms. 


Output 


Input 

Response to same input tone burst 
with wideband noise. 

_^=-6db Rl = 100 ohms 

N Noise Bandwidth = 140Hz 



stant bandwidth operation requires that 
input amplitude be above 200mVrms. The 
bandwidth, as noted on the graph, is then 
controlled solely by the foC 2 product (fo 
(Hz),C2(Mfcl)). 

3. The value of C 3 is generally non-critical. 
C 3 sets the band edge of a low pass filter 
which attenuates frequencies outside the 
detection band to elminate spurious out¬ 
puts. If C 3 is too small, frequencies just 
outside the detection band will switch the 
output stage on and off at the beat frequen¬ 
cy, or the output may pulse on and off 
during the turn-on transient. If C 3 is too 
large, turn-on and turn-off of the output 
stage will be delayed until the voltage on C 3 
passes the threshold voltage. (Such delay 
may be desirable to avoid spurious outputs 
due to transient frequencies.) A typical 
minimum value for C 3 is 2 C 2 . 

AVAILABLE OUTPUTS (Figure 2) 
The primary output is the uncommitted 
output transistor collector, pin 8. When an 
in-band input signal is present, this transis¬ 
tor saturates; its collector voltage being less 
than 1.0 volt (typically 0.6V) at full output 
current (100mA). The voltage at pin 2 is the 
phase detector output which is a linear 
function of frequency over the range of 0.95 
to 1.05 fo with a slope of about 20mV per 
percent of frequency deviation. The average 
voltage at pin 1 is, during lock, a function of 
the inband input amplitude in accordance 
with the transfer characteristic given. Pin 5 
is the controlled oscillator square wave 



output of magnitude (+V -2Vbe) (+V -1 .4V) 
having a dc average of +V/2. A Tkn load may 
be driven from pin 5. Pin 6 is an exponential 
triangle of 1 volt peak-to-peak with an 
average dc level of +V/2. Only high imped¬ 
ance loads may be connected to pin 6 
without affecting the CCO duty cycle or 
temperature stability. 

OPERATING PRECAUTIONS 

A brief review of the following precautions 
will help the user achieve the high level of 
performance of which the 567 is capable. 

1. Operation in the high input level mode 
(above 200mV) will free the user from 
bandwidth variations due to changes in the 
in-band signal amplitude. The input stage is 
now limiting, however, so that out-band 
signals or high noise levels can cause an 
apparent bandwidth reduction as the in- 
band signal is suppressed. Also, the limiting 
action will create in-band components from 
sub-harmonic signals, so the 567 becomes 
sensitive to signals at fo/3, fo/5, etc. 

2. The 567 will lock onto signals near (2n + 
1) fo, and will give an output for signals near 
(4n + 1) fo where n = 0,1,2, etc. Thus, signals 
at 5fo and 9fo can cause an unwanted 
output. If such signals are anticipated, they 
should be attenuated before reaching the 
567 input. 

3. Maximum immunity from noise and out- 
band signals is afforded in the low input 
level (below 200mVrms) and reduced band¬ 
width operating mode. However, decreased 
loop damping causes the worse-case lock¬ 
up time to increase, as shown by the 
Greatest Number of Cycles Before Output 
vs Bandwidth graph. 

4. Due to the high switching speeds (20ns) 
associated with 567 operation, care should 
be taken in lead routing. Lead lengths 
should be kept to a minimum. The power 
supply should be adequately bypassed 
close to the 567 with a 0.0VF or greater 
capacitor: grounding paths should be 
carefully chosen to avoid ground loops and 
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unwanted voltage variations. Another factor 
which must be considered is the effect of 
load energization on the power supply. For 
example, an incandescent lamp typically 
draws 10 times rated current at turn-on. This 
can cause supply voltage fluctuations 
which could, for example, shift the detec¬ 
tion band of narrow-band systems suffi¬ 
ciently to cause momentary loss of lock. 
The result is a low-frequency oscillation 
into and out of lock. Such effects can be 
prevented by supplying heavy load currents 
from a separate supply or increasing the 
supply filter capacitor. 

SPEED OF OPERATION 

Minimum lock-up time is related to the 
natural frequency of the loop. The lower it 
is, the longer becomes the turn-on tran¬ 
sient. Thus, maximum operating speed is 
obtained when C 2 is at a minimum. When 
the signal is first applied, the phase may be 
such as to initially drive the controlled 
oscillator away form the incoming frequen¬ 
cy rather than toward it. Under this condi¬ 
tion, which is of course unpredictable, the 
lock-up transient is at its worst and the 
theoretical minimum lock-up time is not 
achievable. We must simply wait for the 
transient to die out. 

The following expressions give the values of 
C 2 and C 3 which allow highest operating 
speeds for various band center frequencies. 
The minimum rate at which digital informa¬ 
tion may be detected without information 
loss due to the turn-on transient or output 
chatter is about 10 cycles per bit, corre¬ 
sponding to an information transfer rate of 
fo/10 baud. 


fo 

In cases where turn-off time can be sacri¬ 
ficed to achieve fast turn-on, the optional 
sensitivity adjustment circuit can be used to 
move the quiescent C 3 voltage lower (closer 
to the threshold voltage). However, sensitiv¬ 
ity to beat frequencies, noise and extrane¬ 
ous signals will be increased. 




VOLTAGE 

Figure 2 


v+ 




DECREASE 

SENSITIVITY 


INCREASE 

SENSITIVITY 


V+ 



OPTIONAL CONTROLS (Figure 3) 

The 567 has been designed so that, for most 
applications, no external adjustments are 
required. Certain applications, however, 
will be greatly facilitated if full advantage is 


taken of the added control possibilities 
available through the use of additional ex¬ 
ternal components. In the diagrams given, 
typical values are suggested where appli¬ 
cable. For best results the resistors used, 
except where noted, should have the same 


temperature coefficient. Ideally, silicon di¬ 
odes would be low-resistivity types, such 
as forward-biased transistor base-emmiter 
junctions. However, ordinary low-voltage 
diodes should be adequate for most appli¬ 
cations. 
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+v 



Figure 5 


SENSITIVITY ADJUSTMENT 

(Figure 3) 

When operated as a very narrow band de¬ 
tector (less than 8 percent), both C 2 and C 3 
are made quite large in order to Improve 
noise and outband signal rejection. This will 
inevitably slow the response time. If, how¬ 
ever, the output stage is biased closer to the 
threshold level, the turn-on time can be 
improved. This is accomplished by drawing 
additional current to terminal 1. Under this 
condition, the 667 will also give an output 
for lower-level signals (lOmV or lower). 

By adding current to terminal 1, the outp(jt 
stage is biased further away from the 
threshold voltage. This is most useful when, 
to obtain maximum operating speed, C 2 and 
C 3 are made very small. Normally, frequen¬ 
cies just outside the detection band could 
cause false outputs under this condition. By 
desensitizing the output stage, the outband 
beat notes do not feed through to the output 
stage. Since the input level must be some¬ 
what greater when the output stage Is made 
less sensitive, rejection of third harmonics 
or in-band harmonics (of lower frequency 
signals) is also improved. 

CHATTER PREVENTION (Figure 4) 
Chatter occurs in the output stage when C 3 
is relatively smalt, so that the lock transient 
and the AC components at the quadrature 
phase detector (lock detector) output cause 
the output stage to move through Its thresh¬ 
old more than once. Many loads, for exarp- 
pie lamps and relays, will not respond to the 
chatter. However, logic may recognize the 
chatter as a series of outputs. By feeding t^ 
output stage output back to its input (pin 1) 
the chatter can be eliminated. Three 
schemes fordoing this are given in Figure 4. 
All operate by feeding the first output step 
(either on or off) back to the input, pushing 
the input past the threshold until the tran¬ 
sient conditions are over. It is only neces¬ 
sary to assure that the feedback time con¬ 
stant is not so large as to prevent operation 
at the highest anticipated speed. Although 
chatter can always be eliminated by making 
C 3 large, the feedback circuit will enable 
faster operation of the 567 by allowing C 3 to 
be kept small. Note that if the feedback time 
constant Is made quite large, a short burst at 
the input frequency can be stretched into a 
long output pulse. This may be useful to 
drive, for example, stepping relays. 

DETECTION BAND CENTERING 
(OR SKEW) ADJUSTMENT 

(Figure 5) 

When it Is desired to alter the location of the 
detection band (corresponding to the loop 
capture range) within the lock range, the 


circuits shown above can be used. By mov¬ 
ing the detection band to one edge of the 
range, for example, Input signal variations 
will expand the detection band in only one 
direction. This may prove useful when a 
strong but undesirable signal is expected on 
one side or the other of the center frequen¬ 
cy. Since Re also alters the duty cycle slight¬ 
ly, this method may be used to obtain a 
precise duty cycle when the 667 is used as 
an oscillator. 

ALTERNATE METHOD OF 
BANDWIDTH REDUCTION 

(Figure 6) 

Although a large value of C 2 will reduce the 
bandwidth, it also reduces the loop damp¬ 
ing so as to slow the circuit response time. 
This may be undesirable. Bandwidth can be 
reduced by reducing the loop gain. This 
scheme will improve damping and permit 
faster operation under narrow-band condi¬ 
tions. Note that the reduced impedance 
level at terminal 2 will require that a larger 


value of C 2 be used for a given filter cutoff 
frequency. If more than three 567s are to be 
used, the network of Rb and Rc can be 
eliminated and the Ra resistors connected 
together. A capacitor between this junction 
and ground may be required to shunt high 
frequency components. 

OUTPUT LATCHING (Figure 7) 

To latch the output on after a signal is 
received. It is necessary to provide a feed¬ 
back resistor around the output stage (be¬ 
tween pins 8 and 1). Pin 1 is pulled up to 
unlatch the output stage. 

REDUCTION OF Cl VALUE 

(Figure 8) 

For precision very low-frequency applica¬ 
tions, where the value of Ci becomes large, 
an overall cost savings may be achieved by 
inserting a voltage follower between the Ri 
Ci junction and pin 6, so as to allow a higher 
value of Ri and a lower value of Ci for a 
given frequency. 
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PROGRAMMING 

To change the center frequency, the value 
of Ri can be changed with a mechanical or 
solid state switch, or additional Ci capaci¬ 
tors may be added by grounding them 
through saturating npn transistors. 


TYPICAL APPLICATIONS 

I TOUCH-TONE® DECODER 



where Ra > 10kfi 


, OPTIONAL SILICON 
DIODES FOR 
TEMPERATURE 
COMPENSATION 


130 /lOK + r\ < C2 < 1300 /lOK + r\ 


Adjust control for symmetry of detection band 
edges about fo. 

Figure 6 



Component values (Typical) 
Ri 6.8to15Kohm 

R 2 4.7K ohm 

Ra 20K ohm 

Cl O.IOmfd 

C 2 I.OmfdSV 

Ca 2.2mfd 6V 

C4 250 mF 6V 


OUTPUT LATCHING 


rK 1 ' 1 

CRa I 


>10K 

T t_ 


'—VA—' 

■^=;ca ? 

^C3 20K 

) -ir ^ 

- _L 


Ca prevents latch-up when power supply is turned on. 

Figure 7 
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TYPICAL APPLICATIONS (Cont d) 


CARRIER-CURRENT REMOTE 
CONTROL OR INTERCOM 



DUAL-TONE DECODER 



1. Resistor and capacitor values chosen for desired frequencies and bandwidth. 

2. If Ca is made large so as to delay turn-on of the top 567, decoding of sequential (fi fa) 
tones is possible. 
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TYPICAL APPLICATIONS (Cont d) 





PULSE GENERATOR 
WITH 25% 

duty cycle 



PRECISION OSCILLATOR TO 
SWITCH lOOma LOADS 




NOTE 

Application information available on request. 
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Table 1 MILITARY PACKAGE AVAILABILITY 



JB 

RB 

RC 

Jan 

Qualified 

883B 

883C 

54 

X 

X 

X 

54LS 

X 

X 

X 

54S 

X 

X 

X 

82 

X 

X 

X 

8T 

— 

X 

X 

93XX 

X 

X 

X 

96XX 

— 

X 

X 

Analog 

X 

X 

X 

Bipolar Memory 

X 

X 

X 

Microprocessor 

! 

— 

X 

_1 

X 


Table 2 MILITARY SUMMARY 


The Signetics MIL 38510/883 Program is 
organized to provide a broad selection of 
processing options, structured around the 
most commonly requested customer flows. 
The program is designed to provide our cus¬ 
tomers; 

e Fully compliant 883 flows on all products. 

e Standard processing flows to help mini¬ 
mize the need for custom specs. 

e Cost savings realized by using standard 
processing flows in lieu of custom flows. 

e Better delivery lead times by minimizing 
spec negotiation time, plus allows cus¬ 
tomer to buy product off-the-shelf or in 
various stages of production rather than 
waiting for devices started specifically to 
custom specs. 

The following explains the different process¬ 
ing options available to you. Special device 
marking clearly distinguishes the type of 
screening performed. Refer to Tables 2, 3, 4 
and 5. 


JAN QUALIFIED (JB) 

JAN Qualified product is designed to give 
you the optimum in quality and reliability. 
The JAN processing level is offered as the 
result of the government’s product stan¬ 
dardization programs, and is monitored by 
the Defense Electronic Supply Center 
(DESC), through the use of industry-wide 
procedures and specifications. 

JAN Qualified products are manufactured, 
processed and tested in a government certi¬ 
fied facility to Mil-M 38510, and appropriate 
device slash sheet specifications. Design 
documentation, lot sampling plans, electri¬ 
cal test data and qualification data for each 
specific part type-harS been approved by the 
Defense Electronic Supply Center (DESC) 
and products appear on the DESC Qualified 
Products List (QPL-38510). 

Group B testing, per Mil-Std-883 Method 
5006, is performed on each six weeks of 
production on each slash sheet for each 
package type. Group C, per Mil-Std-883 
Method 5005, is performed every ninety 
days for each microcircuit group. Group D 
testing, per Mil-Std-883 Method 5005, is 
performed every six months for each pack¬ 
age type. 

In addition to the common specs used 
throughout the industry for processing and 
testing, JAN Qualified products also pos¬ 
sess a requirement for a standard marking 
used throughout the 1C industry. 


MIL-STD-883, LEVEL B 

Processing to this option is Ideal when no 
JAN slash sheets are released on devices 
required. Product Is processed to Mil-Std- 
883 Method 5004, and is 100% electrically 
tested to industry data sheets. Devices are 
selectively available as custom processed 
parts with electricals screened to the JAN 
Slash Sheets. 

MIL-STD-883, LEVEL C 

If you need a Military temp, range device, but 
do not require burn in screening performed, 
our 883C product is ideal. 883C parts are 
the standard full Mil-Temperature range 
product to the Signetics data sheet param¬ 
eters and screened to MIL-STD-883, Class 
C. 

MILITARY GENERIC DATA 

Signetics has a new program for those cus¬ 
tomers who require quality conformance 
data on their products This prograrp allows 
our customers to obtain reliability informa¬ 
tion without the necessity or running Groups 
B, C and D inspections for their particular 
purchase order. It provides for the customer 
something that has not been readily avail¬ 


able before in the semiconductor industry in 
that all Military Generic Data is controlled 
and audited by both Government Inspection 
in the case of JAN data and Signetics Qual¬ 
ity Assurance. 

Signetics Military Generic Data is compiled 
by the Military Products Division based on 
data from 1) JAN quality conformance lots, 
and 2) Data generated by quality confor¬ 
mance lots run for other reliability programs. 
Refer to Table 4. 

A Military Generic family is defined as con¬ 
sisting of die function and package type 
families. 

Military Generic Data 

• Allows our customers to qualify Signetics 
products based on existing quality con¬ 
formance data performed at Signetics. 

• Allows our customers to reduce costs and 
improve deliveries. 

• Provides assurance that all Signetics die 
function families and packages meet Mil- 
M-38510 and customer reliability require¬ 
ments. 

• Provides an attributes summary to the 
customer backed by lot identity and 
traceability. 
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PROCESS LEVEL 
AND MARKETING 

PRE-CAP 

VISUAL 

BURN IN 

FUNCTIONAL 

TEST 

DC/AC 

@25*C 

DC/AC 

@TEMP 

QPL 

OFFSHORE 

JB 

JM38510XXXXX 

2010, Cond. B 

Yes 

1CX)% 

100% 

100% 

Yes 

No 

RB 

SXXXX883B 

2010, Cond.B 

Yes 

100% 

100% 

100% 

No 

Yes 

RC 

SXXXX883C 

2010, Cond. B 

No 

100% 

100% do 
Sample ac 

Sample 
do only 

No 

Yes 


Table 3 MILITARY PRODUCTS PROCESSING MATRIX 


QUALIFIED 

QUALIFIES 

OPTION 1 

OPTION 2 

SUBGROUPS 




A* 

Electrical Test 



B 

Package—Same package construction and lead 
finish. 

Data selected from devices 
manufactured within 6 weeks 
of the manufacturing period on 
the same production line 
through final seal. 

Data selected from devices 
manufactured within 24 weeks 
of manufacturing period. 

C 

Die/Process—Devices representing the same 
process families. 

Data selected from represen¬ 
tative devices from the same 
microcircuit group and sealed 
within 12 weeks of the manu¬ 
facturing period. 

Data selected from the repre¬ 
sentative devices from the 
same microcircuit group and 
sealed within 48 weeks of the 
manufacturing period. 

D 

Package—Same package construction and lead 
finish. 

i 

Data selected from the de¬ 
vices representing the same 
package construction and lead 
finish manufactured within the 
24 weeks of manufacturing 
period. 

Data selected from the de¬ 
vices representing the same 
package construction and lead 
finish manufactured within the 
52 weeks of manufacturing 
period. 



if specific data not available. 
Option 2 will be supplied 



NOTE* 

Group A is performed on each lot or sublot of Signetics devices. 


Table 4 DEFINITION AND QUALIFYING MANUFACTURING PERIODS 
FOR GENERIC DATA 
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PROCESSING LEVELS 


DESCRIPTION OF 

MIL-M-38510 AND MIL-STD- 






REQUIRE¬ 

MENT 

CLASS 

JAN 

QUALIFIED 

883B 

883C 

REQUIREMENTS 
AND SCREENS 

883 REQUIREMENTS, METH- 
DS AND TEST CONDITIONS 


S 

(JB) 

(RB) 

(RC) 

General Mil-M-38510 

The Manufacturer shall es- 

— 

X 

X 

N/A 

N/A 

1. Pre-Certification 

tablish and implement a 






A. Product Asaur- 

Products Assurance Program 






ance Program 

Plan and provide for a manu- 






Plan 

facturer survey by the quali- 






B. Manufacturer’s 

tying activity, Para. 3.4.1.1 






Certification 







2. Certification 

Received after manufacturer 
has completed a successful 
survey, Para. 3.4.1.2 

— 

X 

X 

N/A 

N/A 

3. Device Qualifica- 

Device qualification shall 

_ 

X 

X 

N/A 

N/A 

tion 

consist of subjecting the de¬ 
sired device to groups A, B, C 
& D of method 5005 to tight¬ 
ened LTPD, Para. 3.4.1.2 






4. Traceability 

Traceability maintained back 
to a production lot Para. 3.4.6 

- 

X 

X 

X 

X 

5. Country of Origin 

.. 

Devices must be manufac¬ 
tured, assembled, and tested 
within the U.S. or its territor¬ 
ies, Para. 3.2.1 


X 

X 

N/A 

N/A 

Screening Per 
Method 5004 of 
Mil-Std-883 







6. Internal Visual 

2010, Cond. A or B 

100% 

XA 

XB 

XB 

XB 

(Precap) 

7. Stabilization 

1008, Cond. C Min; (24 Hrs @ 

100% 

X 

X 

X 

X 

Bake 

150‘’C) 






8. Temperature 

1010, Cond. C; (10 cycles. 

100% 

X 

X 

X 

X 

Cycling* 

-esx to-l-ISO^C) 






*For Class B and C 
devices thermal 
shock may be sub¬ 
stituted. 1011, 
Cond. A; (15 cycles, I 
0° to-l-100“C) 

9. Constant 

2001, Cond. E: (30kg in Yl 

100% 

X 

X 

X 

X 

Acceleration 

Plane) 






10. Visual Inspection 

There is no test method for 
this screen; it is intended only 
for the removal of “Cata¬ 
strophic Failures” defined as 
“Missing Leads, Broken 
Packages or Lids Off.” 

100% 

X 

X 

X 

X 

11. Seal 

1014 






(Hermeticity) 







A. Fine 

Cond. A or B (5.0 X 
10-8CC/Sec) 

100% 

X 

X 

X 

X 

B. Gross 

Cond. C2 Min. 

100% 

X 

X 

X 

X 

12. Interim 

Per applicable device speci¬ 

100% Optional 

100% Read & 

Slash Sheet 

Data Sheet 

N/A 

Electricals 
(Pre Burn-In) 

fication 


Record 




13. Burn-In 

1015, Cond. as specified 
(160 hrs. Min. at 125°C) 

100% 

100% 240 hrs. 

X 

X 

N/A 

14. Final Electricals 

Per applicable Device Speci¬ 

100% 

100% Read & 

Slash Sheet 

Data Sheet 

Data Sheet 


fication 


Record 




A. Static Tests 

Sub Group 1 


X 

X 

X 

X 

@ 25®C 







B. Static Tests 

Sub Group 2 


X 

X 

X 

N/A 

@ -l-125®C 






C. Static Tests 
@ -55"C 

Sub Group 3 


X 

X 

X 

N/A 
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MILITARY PRODUCTS/PROCESS LEVELS 






PROCESSING LEVELS 


REQUIREMENTS 
AND SCREENS 

IVIILi*IVI”009 IW MPILi IVIIL.*0 1 Lf* 

883 REQUIREMENTS, METH¬ 
ODS AND TEST CONDITIONS 

REQUIRE¬ 

MENT 

CLASS 

S 

JAN 

QUALIFIED 

(JB) 

883B 

(RB) 

883C 

(RC) 

D. Dynamic 







Test @25°C 

Sub Group 4 (for Linear Prod¬ 
uct Mainly) 


X 

X 

X 

X 

E. Functional 







Test @25 °C 

Sub Group 7 


X 

X 

X 

X 

F. Switching 







Test @25°C 

Sub Group 9 


X 

10% 

X 

X 

N/A 

15. Percent Defec¬ 
tive allowable 

(PDA) 

A PDA of 10% is a normal re¬ 
quirement applied against 
the static tests @25°C (A-1). 
This is controlled by the 
slash sheets for JB products. 
For RB 10% is standard 

10% 

3% Funct”! 

X 

X 

N/A 

16. Marking 

Fungus Inhibiting Paint 

100% 

As Req’d 

JM38510/ 
XXXX Slash 
Sheet # 

S X X X X 
883B 

SXXXX 883C 

17. X-Ray 

2012 


100% 

N/A 

N/A 

N/A 

18. External Visual 

2009 

100% 

X 

X 

X 

X 

Quality Conform¬ 
ance Inspection 
per Method 5005 of 
Mil-Std 883 







19. Group A 

Electrical Tests-Final 

Electricals (#14 above) re¬ 
peated on a sample basis. 
(Sub Groups 1 thru 12 as 
specified.) 

Each Lot 

X 

X 

X 

X 

20. Group B 

Package functional and 
constructional related test 
I.E. package dimensions, re¬ 
sistance to solvents, internal 
visual & mechanical, bond 
strength & solderability. 

Every 6 
week per 
pkg. group 

X 

X 

Generic 
Data Avail¬ 
able 


21. Group C 

Die related tests I.E. 1,000 
hr. operating life, tempera¬ 
ture cycling, & constand ac¬ 
celeration. 

Every 3 
months per 
^circuit type 

X 

X 

Generic 
Data Avail¬ 
able 


22. Group D 

Package related tests I.E. 
physical dimensions, lead fa¬ 
tigue, thermal shock, tem¬ 
perature cycle, moisture re¬ 
sistance, mechanical shock, 
vibration variable frequency 
constant acceleration, & salt 
atmosphere. 

Every 6 
months per 
package 
type 

X 

X 

Generic 
Data Avail¬ 
able 



Table 5 REQUIREMENTS AND SCREENING FLOWS FOR STANDARD PRODUCTS (Cont’d) 
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MILITARY SELECTION GUIDE 


DESCRIPTION 


LF155 BI-FETOpAmp 


LF156 BI-FET Op Amp 


LF156A Bi-FETOpAmp 


LF198 Sample and Hold Amp 


LH2101A Hybrid Dual Op Amp 


LM101A High Performance Op Amp 


LM124 Quad Op Amp 


LM158 Dual Op Amp 


MC1556 High Performance 


Dual Op Amp 


High Slew Rate Op Amp 


SE5512 Dual High Performance Op Amp 


SE5632 Dual Low Noise Op Amp 


SE5532A Dual Low Noise Op Amp 


SE5534 Low Noise Op Amp 


SE5534A Low Noise Op Amp 


SE5539 Very High Slew Rate Op Amp 


/aA 741 General Purpose Op Amp 


/iA747 Dual Op Amp 


Differential Video Amplifier 


Dual Differential Amplifier 


DS7820/A Dual Line Receiver 


PACKAGE 


DIP CAN 


OPERATIONAL AMPLIFIERS 


AVAILABILITY 


883B 


QUAL 

83510/SHEET I STATUS 



VIDEO AMPS 


F 


INTERFACE 


_ I ^ I 

DATA CONVERSION 


DAC-08/A 

8-Bit D/A Converter 

MCI 508-8 

8-Bit D/A Converter 

SE5008 

8-Bit D/A Converter 

SE5009 

8-Blt D/A Converter 

SE5018 

8-Blt /xP-Compatible D/A Converter 

SE5019 

8-Blt /iP-CompatIble D/A Converter 

SE5118 

8-Blt DAC Current Output 


8-Bit DAC Current Output 


SAMPLE AND HOLD CIRCUITS 


Precision Sample and Hold Amplifier 


Sample and Hold Amplifier 


PHASE-LOCKED LOOPS 


10101 

QPL1 

10102 

QPL1 
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DEVICE 

DESCRIPTION 

PACKAGE 

AVAILABILITY 


DIP 

CAN 

883C 

883B 

83510/SHEET 

POWER CONTROLLERS 


SE5560 

SMPS Control Circuit 

F 



X 



SG1524 

SMPS Control Circuit 

F 



X 



SE5551 

Dual Polarity Regulator 

F 



X 



SE5552 

Dual Polarity Regulator 

F 



X 



SE5553 

Dual Polarity Regulator 

F 



X 



SE5554 

Dual Polairty Regulator 

F 



X 



SE5555 

Dual Polarity Regulator 

F 



X 



TIMERS I 

SE555 

Timer 

F, FE 

H 

X 

X 

10901 

QPL1 

SE556-1 

Dual Timer 

F 


X 

X 

10902 

QPL1 

SE558 

Quad Timer 

F 



X 



COMPARATORS | 

SE521 

High-Speed Dual Differential Comparator 

F 


X 

X 



SE522 

High-Speed Dual Differential Comparator 

F 


X 

X 



SE527 

Voltage Comparator 

F 

H 

X 

X 



SE529 

Voltage Comparator 

F 

H 

X 

X 



LH2111 

Hybrid Dual Comparator 

F 


X 

X 



LM111 

Voltage Comparator 

F 

H 

X 

X 



LM139/A 

Quad Comparator 

F 



X 



LM193/A 

Dual Comparator 

F 



X 



LM119 

Dual Voltage Comparator 

F 

H 


X 


_ 
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MILITARY CROSS REFERENCE 


FAIRCHILD 

SIGNETICS 

mAI 11 

LM111 

mA139 

LM139 

^A733 

AiA733 

/XAF155/156 

LF155/156 

mA101 

LM101 

/wAIOIA 

LM101A 

MCI 556 

MC1556 

mA1558 

MC1558 

^A747 

HA747 

MCI 555 

SE555 

mA556 

SE556 

mA723 

nA723 


NATIONAL 

SIGNETICS 

LM161 

SE527 

LH2111 

LH2111 

LM111 

LM111 

LM119 

LM119 

LM139 

LM139 

LM193 

LM193/193A 

LM733 

mA733 

LF155/56 

LF155/156 

LH2101A 

LH2101A 

LH2108A 

LH2108A 

LM101A 

LM101 

LM101 

LM101A 

LM124 

LM124 

LM158 

LM158 

LM1558 

MCI 558 

LM1581 

SE532 

LM747 

mA747 

LM567 

SE567 

DM7820 

DM7820 

DM7830 

DM7830 

LM555 

SE555 

LM723 

mA723 


RAYTHEON 

SIGNETICS 

LM111 

LM111 

LM139 

LM139 

RM733 

mA733 

LF155/56/57 

LF155/156 

LM101 

LM101 

LM101A 

LM101A 

LM124 

LM124 

RM1556 

MCI 556 

RM1558 

MCI558 

RM747 

mA747 

RM555 

SE665 

RM723 

mA723 


MOTOROLA 

SIGNETICS 

MLM111 

LM111 

MCI 733 

M733 

LF156/56 

LF156/156 

MLM101 

LM101 

MLM101A 

LM101A 

MCI 558 

MCI 558 

MCI 747 

mA747 

MC3556 

SE556 

MCI 723 

//A723 

MCI 508 

MCI 508-8 


T.l. 

SIGNETICS 

LM111 

LM111 

SN52733 

mA733 

LF155/56 

LF155/156 

SN52101A 

LM101A 

SN55182 

DM7820 

SN55183 

DM7830 

SN52555 

SE555 

SE556 

SE556 

SN52723 

M723 


PMI 

SIGNETICS 

SSS1508 

DAC-08 

MCI 508-8 

SE5008 
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PACKAGE OUTLINES 


INTRODUCTION 

The following InforrDatlon applies to all 
packages unless otherwise specified on 
individual package outline drawings. 

General 

1. Dimensions shown are metric units 
(millimeters), except those in par¬ 
entheses which are English units 
(Inches). 

2. Lead spacing shall be measured with¬ 
in this zone. 

a. Shoulder and lead tip dimensions 
are to centerline of leads. 

3. Tolerances non-cumulative. 

4. Thermal resistance values are deter¬ 
mined by utilizing the linear tempera¬ 
ture dependence of the forward volt¬ 
age drop across the substrate diode in 
a digital device to monitor the junc¬ 
tion temperature rise during known 
power application across Vcc and 
ground. The values are based upon 
120 mils square die for plastic pack¬ 
ages and a 90 mils square die in the 
smallest available cavity for hermetic 
packages. Ail units were solder 
mounted to P.C. boards, with stand¬ 
ard stand-off, for measurement. 


PLASTIC ONLY 

5. Lead material: Alloy 42 (Nickel/lron 
Alloy) Olln 194 (Copper Alloy) or equiv¬ 
alents, solder dipped. 

6. Body material: Plastic (Epoxy) 

7. Round hole in top corner denotes lead 
No. 1. 

8. Body dimensions do not include 
molding flash. 

9. SO Packages-microminiature 
packages. 

a. Lead material: Alloy-42. 

b. Body material: Plastic (Epoxy). 

HERMETIC ONLY 

10. Lead material 

a. ASTM alloy F-15 (KOVAR) or 
equivalent—gold plated, tin plated, 
or solder dipped. 

b. ASTM alloy F-30 (Alloy 42) or 
equivalent—tin plated, gold plated 
or solder dipped. 

c. ASTM alloy F-15 (KOVAR) or 
equivalent—gold plated. 

11. Body Material 

a. Eyelet, ASTM alloy F-15 or equiva¬ 
lent-gold or tin plated, glass 
body. 


b. Ceramic with glass seal at leads. 

c. BeO ceramic with glass seal at 
leads. 

d. Ceramic with ASTM alloy F-30 or 
equivalent. 

12. Lid Material 

a. Nickel or tin plated nickel, weld 
seal. 

b. Ceramic, glass seal. 

c. ASTM alloy F-15 or equivalent, gold 
plated, alloy seal. 

d. BeO Ceramic with glass seal. 

13. Signetics symbol, angle cut, or lead 
tab denotes Lead No. 1. 

14. Recommended minimum offset 
before lead bend. 

15. Maximum glass climb .010 inches. 

16. Maximum glass climb or lid skew Is 
.010 inches. 

17. Typical four places. 

18. Dimension also applies to seating 
plane. 
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PLASTIC PACKAGES 



PACKAGE CODE 

0i./e,c(‘»c/w) 

DESCRIPTION 

SO Packages 

8-Pin 

D 

110 

SO-8 

14-Pin 

D 

100 

SO-14 

16-Pin 

D 

100 

SO-16 

1 Standard Dual-ln-Une 

8-Pin 

N 

162/65 


14-Pln 

N 

150/66 

TO-116/MO-001 

16-Pin 

N 

137/53 

MO-001 

18-Pln 

N 

135/53 


20-Pin 

N 

135/53 


22-Pin 

N 

120/53 


24-Pin 

N 

116/53 

MO-015 

28-Pin 

N 

116/53 

MO-016 

Power Dual-In-Line 

14-Pin 

N 

95/33 

Butterfiy 

16-Pin 

N 

95/33 

Butterfiy 

18-Pin 

N 

90/26 

Butterfiy 

20-Pin 

N 

90/26 

Butterfiy 

24-Pin 

N 

60/23 

Heatsink 

28-Pin 

N 

56/21 

Heatsink 

Metal Headers 

3-Pin 

H 

100/20 

TO-5 Header 

4-Pin 

E 

100/20 

TO-46 Header 

4-Pin 

E 

150/25 

TO-72 Header 

8-Pin 

H 

150/25 

TO-5 Header 

10-Pin 

H 

150/25 

TO 5/TO-IOO Header, Short Can 

10-Pin 

H 

150/25 

TO-5/TO-100 Header, Tall Can 

Flat Packs 

10-Pin 

W 

240/50 

Flat Ceramic 

16-Pin 

W 

200/50 

Flat Ceramic 

Cerdip Family 

8-Pin 

FE 

110/30 

Dual-ln-Line Ceramic 

14-Pin 

F 

110/30 

Dual-ln-Line Ceramic 

16-Pin 

F 

100/30 

Duai-in-Line Ceramic 

18-Pin 

F 

93/27 

Dual-in-Llne Ceramic 

20-Pin 

F 

90/25 

Dual-in-Llne Ceramic 

22-Pin 

F 

75/27 

Dual-in-Line Ceramic 

24-Pin 

F 

60/26 

Dual-ln-Llne Ceramic 

28-Pin 

F 

57/27 

Oual-in-Line Ceramic 

Laminated Ceramic, Side Brazed Lead 

14-Pin 1 

95/26 

Dip Laminate 

16-Pin 

1 

90/25 

Dip Laminate 

28-Pin 

i 

60/25 

Dip Laminate 
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LEAD NO. 1 
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PACKAGE OUTLINES 


F PACKAGE - HERMETIC 
(18-PIN) 



F PACKAGE ~ HERMETIC 
(22-PIN) 



0.58 (.023) 
0.38 (.015) 
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PACKAGE OUTLINES 


F PACKAGE - HERMETIC 
(24-PIN) 



32 77 (1,290) 
~31.37 (1.235) 


4.32 (.170) 

I 3.30(130)1 
2.49 (.098) 4.19 (.165) 

1.52(060) 3.18(125) 


0.36 (.014) 
0.20 (.008)"" 

17.65 (.695) _ 

15.24 (.600) 


F PACKAGE — HERMETIC 
(28PIN) 



37.85(1.490) 
36.58 (1.440) 


0.58 (.023) 2.79 (.110) 

0.38 (.015) 2.29 (.090) 


1.40 (.055) 

0.51 (.020) 

5.08 (.200) 

3.81 (.15 0) 1549(610) 

r~ 14.99 (.590)' 


r 0.51 (.020) 

5.08 (.200) 

3.81 (.150) 1 

MU 

fee 




0.36 (.014) 
0.20 (.OOO)"* 
17.52 (.690) 
16.25 (.640)“" 


i 2.54 (.1 00) (Note) 


2.54 (.100) 4.19 (.165) 
1.52 ( 060) 3.05 (.120) 


Signetics 


18-9 






ANALOG DIVISION 


MARCH 1982 


PACKAGE OUTLINES 


H PACKAGE - HERMETIC 
3-PIN 

(TO-5 HEADER) 


H PACKAGE - HERMETIC 
8-PIN 

(TO-5 HEADER) 


8.26 (.325) 
8.00 (.315) 




U] D D. 


TERMINAL CONNECTIONS 


PIN 1 - INPUT 
PIN 2- OUTPUT 
CASE - GROUND 



8.26 (.325) . 

8.00 (.315) '"*■ 





insulator 

0.38 (.015) 




0.86 (.034) \ \ 
0.71 (.028) yA 


H PACKAGE - HERMETIC 
10-PIN 

(TO-5/100 HEADER 
SHORT CAN) 


H PACKAGE HERMETIC 
10-PIN 

(TO-5/100 HEADER 
TALL CAN) 



9.40 (.370) n.A 
9.02 (.355) 




INSULATOR 

0.38 (.015) 


10 LEADS 
~ 0.48 (.019) r>.A 
0.41 (.016) 
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SALES OFFICES 


SIGNETICS 


HEADQUARTERS 

811 East Arques Avenue 
P.O. Box 409 

Sunnyvale, California 94086 
Phone; (408) 739-7700 


ARIZONA 

Phoenix 

Phone: (602) 265-4444 

CALIFORNIA 


Canoga Park 

Phone: (213) 340-1431 

Cupertino 

Phone: (408) 725-8100 
Inglewood 

; (213) 670-1101 


Irvine 

Phone; (714) 833-8980 
(213) 588-3281 


San Diego 

Phone; (714) 560-0242 


COLORADO 


Aurora 

Phone; (303) 751-5011 


CONNECTICUT 

Danbury 

Phone; (203) 744-6066 
DELAWARE 

Call: Micro-Comp, Baltimore 
Phone; (301) 247-0400 

FLORIDA 

Clearwater 

Ph.one: (813) 796-7086 
Lighthouse Point 

Phone: (305) 782-8225 

GEORGIA 

Atlanta 

Phone; (404) 953-0067 
ILLINOIS 
Schaumburg 

Phone: (312) 843-7805 

INDIANA 

Kokomo 

Phone; (317) 453-6462 

KANSAS 
Overland Park 

Phone; (913) 341-8181 

MARYLAND 
Glen Burnie 

Phone; (301) 787-0220 

MASSACHUSETTS 

Woburn 

Phone; (617) 938-1000 
MICHIGAN 
Farmington Hills 

Phone: (313) 476-1610 

MINNESOTA 

Edina 

Phone; (612) 835-7455 

NEW JERSEY 
Cherry Hill 

Phone: (609) 665-5071 


Piscataway 

Phone: (201) 981-0126 

NEW YORK 
Liverpool 

Phone; (315) 451-5470 

Melville 

Phone; (516) 752-0130 
Wappingers Falls 
fhone: (914) 297-4074 


NORTH CAROLINA 
Raleigh 

Phone: (919) 851-2013 

OHIO 


Worthington 

Phone; (614) 888-7143 

TENNESSEE 


Greeneville 

Phone; (615) 639-0251 

TEXAS 

Austin 

Phone; (512) 458-2591 

Dallas 

Phone; (214) 661-1296 

UTAH 

Bountiful 

Phone: (801) 298-2624 

CANADA 

SIGNETICS CANADA, LTD. 

Etobicoke, Ontario 
Phone: (416) 626-6675 
SIGNETICS CANADA, LTD./LTEE. 

Pointe-Claire, Quebec 
Phone: (514) 697-3385 


REPRESENTATIVES 

ALABAMA 

Huntsville 

Electronic Sales, Inc. 

Phone; (205) 533-1735 

CALIFORNIA 
Los Gatos 

Sierra Technology 
Phone; (408) 354-9986 
San Diego 
Mesa Engineering 
Phone; (714) 278-8021 

CONNECTICUT 

Yalesville 

Kanan Associates 
Phone; (203) 265-2404 

FLORIDA 
Altamonte Springs 

Semtronic Associates 
Phone; (305) 831-8233 

Clearwater 

Semtronic Associates 
Phone; (813) 461-4675 

ILLINOIS 
Elk Grove Village 

Micro-Tex, Inc, 

Phone; (312) 640-9633 

INDIANA 
Fort Wayne 

Insul-Reps, Inc. 

Phone: (219) 482-1596 
Indianapolis 
Insul-Reps, Inc. 

Phone; (317) 842-5203 


IOWA 
Cedar Rapids 

Comstrand Inc. 

Phone; (319) 377 1575 

KANSAS 
Shawnee Mission 

B. C. Electronic Sales 
Phone; (913) 888-6680 

MARYLAND 

Baltimore 

Micro-Comp. Inc. 

Phone: (301) 247-0400 

MASSACHUSETTS 

Reading 

Kanan Associates 
Phone: (617) 944-8484 

MICHIGAN 
Bloomfield Hills 

Enco Marketing 
Phone; (313) 642 0203 

MINNESOTA 

Minneapolis 

Comprehensive Technical Sales 
Phone; (612) 888-7011 

MISSOURI 
St. Louis 

B. C. Electronic Sales 
Phone; (314) 731-1255 

NEVADA 

Sierra Technology 
Phone; (408) 354-9986 

NEW MEXICO 
Albuquerque 

Power Enterprises 
Phone; (505) 298-1918 

NEW YORK 
Ithaca 

Bob Dean. Inc. 

Phone; (607) 272-2187 

OREGON 

Hillsboro 

Western Technical Sales 
Phone; (503) 640-4621 

UTAH 
Salt Lake City 

Electrodyne 
Phone: (801) 486-3801 

VIRGINIA 

Lynchburg 

Micro-Comp, Inc. 

Phone: (804) 237-6221 

WASHINGTON 

Bellevue 

Western Technical Sales 
Phone: (206) 641-3900 

Spokane 

Western Technical Sales 
Phone: (509) 922-7600 

WASHINGTON, D.C. 

Call; Micro-Comp. Baltimore 
Phone; (301) 247-0400 

WISCONSIN 

Waukesha 

Micro-Tex, Inc. 

Phone; (414) 542-5352 


DISTRIBUTORS 

ALABAMA 

Huntsville 

Hall-Mark Electronics 
Phone; (205) 837-8700 

Hamilton/Avnet Electronics 
Phone: (205) 837-7210 

Pioneer Electronics 
Phone; (205) 837-9300 

ARIZONA 

Phoenix 

Hamilton/Avnet Electronics 
Phone: (602) 894-9600 

Wyle Distribution Group 
Phone; (602) 249-2232 

CALIFORNIA 

Costa Mesa 

Avnet Electronics 
Phone; (714) 754-6111 

Hamilton Electro Sales 
Phone; (714) 641-4100 

Culver City 

Hamilton/Avnet Electronics 
Phone; (213) 558-2121 

Hamilton/Avnet Electronics 
Military 

Phone; (213) 558-2901 

El Segundo 

Wyle Distribution Group 
Phone; (213) 322-8100 

Irvine 

Schweber Electronics 
Phone; (714) 556-3880 

Wyle Distribution Group 
Phone; (714) 979-2125 

San Diego 

Anthem Electronics 
Phone; (714) 279-5200 

Hamilton/Avnet Electronics 
Phone; (714) 571-7510 

Wyle Distribution Group 
Phone; (714) 565-9171 

San Jose 

Anthem Electronics Inc. 
Phone; (408) 946-8000 

Santa Clara 

Schweber Electronics 
Phone; (408) 496-0200 

Wyle Distribution Group 
Phone; (408) 727-2500 

Sunnyvale 

Arrow Electronics 
Phone; (408) 745-6600 

Hamilton/Avnet Electronics 
Phone; (408) 743-3366 

CANADA 

Calgary, Alberta 

Hamilton/Avnet Electronics 
Phone; (403) 230-3586 

Downsview, Ontario 

Cesco Electronics 
Phone: (416) 661-0220 

Mississauga, Ontario 

Hamilton/Avnet Electronics 
Phone: (416) 677-7432 

Zentronics 

Phone; (416) 451-9600 
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Montreal, Quebec 

Cesco Electronics 
Phone: (514) 735-5511 
Zentronics 

Phone; (514) 735-5361 
Ottawa, Ontario 
Cesco Electronics 
Phone: (613) 729-5118 
Hamilton/Avnet Electronics 
Phone: (613) 226-1700 
Zentronics 

Phone: (613) 238-6411 
Quebec City 
Cesco Electronics 
Phone: (418) 524-4641 

Vilie St. Laurent, Quebec 

Hamilton/Avnet Electronics 
Phone:(514) 331-6443 

COLORADO 

Denver 

Arrow Electronics 
Phone: (303) 758-2100 
Wyle Distribution Group 
Phone;,(303) 457-9953 

Englewood 

Hamilton/Avnet Electronics 
Phone: (303) 740-1000 

CONNECTICUT 

Danbury 

Hamilton/Avnet Electronics 
Phone: (203) 797-2800 
Schweber Electronics 
Phone: (203) 792-3500 

Wallingford 

Arrow Electronics 
Phone: (203) 265-7741 

FLORIDA 
Ft. Lauderdale 

Arrow Electronics 
Phone: (305) 776-7790 
Hamilton/Avnet Electronics 
Phone: (305) 971-2900 

Hollywood 

Schweber Electronics 
Phone: (305) 927-0511 

Palm Bay 

Arrow Electronics 
Phone: (305) 725-1480 

St. Petersburg 

Hamilton/Avnet Electronics 
Phone: (813) 576-3930 

GEORGIA 

Atlanta 

Schweber Electronics 
Phone: (404) 449-9170 

Norcross 

Arrow Electronics 
Phone: (404) 449-8252 
Hamilton/Avnet Electronics 
Phone: (404) 447-7500 

ILLINOIS 
Chicago 
Bell Industries 
Phone: (312) 982-9210 


Elk Grove 

Schweber Electronics 
Phone: (312) 364-3750 
Schaumburg 
Arrow Electronics 
Phone; (312) 893-9420 
Bensenville 

Hamilton/Avnet Electronics 
Phone; (312) 860-7700 
INDIANA 
Indianapolis 
Pioneer Electronics 
Phone; (317) 849-7300 
Arrow Electronics 
Phone: (317) 243 9353 
Hamilton/Avnet Electronics 
Phone; (317) 844-9333 
KANSAS 
Overland Park 
Hamilton/Avnet Electronics 
Phone: (913) 888-8900 
MARYLAND 
Baltimore 
Arrow Electronics 
Phone: (301) 247-5200 
Columbia 

Hamilton/Avnet Electronics 
Phone: (301) 995-3500 

Gaithersburg 

Pioneer Washington Electronics 
Phone: (301) 948-0710 
Schweber Electronics 
Phone: (301) 840-5900 

MASSACHUSETTS 

Bedford 

Schweber Electronics 
Phone: (617) 275-5100 
Burlington 
Lionex Coro. 

Phone: (617) 272-9400 
Woburn 

Arrow Electronics 
Phone: (617) 933-8130 
Hamilton/Avnet Electronics 
Phone: (617) 273-7500 
MICHIGAN 
Ann Arbor 
Arrow Electronics 
Phone: (313) 971-8220 
Grand Rapids 
Hamilton/Avnet Electronics 
Phone; (616) 243-8805 
Livonia 

Hamilton/Avnet Electronics 
Phone: (313) 522-4700 
Pioneer Electronics 
Phone: (313) 525-1800 
Schweber Electronics 
Phone: (313) 525-8100 
MINNESOTA 
Eden Prairie 
Schweber Electronics 
Phone: (612) 941-5280 
Minneapolis 
Arrow Electronics 
Phone: (612) 830-1800 
Hamilton/Avnet Electronics 
Phone; (612) 932-0600 
MISSOURI 
Earth City 

Hamilton/Avnet Electronics 
Phone: (314) 344-1200 
St. Louis 
Arrow Electronics 
Phone; (314) 567-6888 


NEW HAMPSHIRE 
Manchester 

Arrow Electronics 
Phone; (603) 668-6968 

NEW JERSEY 
Cherry Hill 

Hamilton/Avnet Electronics 
Phone: (609) 424-0100 

Fairfield 

Hamilton/Avnet Electronics 
Phone: (201) 575-3390 
Lionex Corporation 
Phone: (201) 227-7960 
Schweber Electronics 
Phone: (201) 227-7880 
Moorestown 
Arrow Electronics 
Phone; (609) 235-1900 
Saddlebrook 
Arrow Electronics 
Phone: (201) 797-5800 
NEW MEXICO 
Albuquerque 

Hamilton/Avnet Electronics 
Phone: (505) 765-1500 

NEW YORK 
Buffalo 

Summit Distributors 
Phone: (716) 887-2800 
East Syracuse 
Arrow Electronics 
Phone: (315) 652-1000 
Hamilton/Avnet Electronics 
Phone: (315) 437-2642 
Farmingdale, LI. 

Arrow Electronics 
Phone: (516) 694-6800 
Liverpool 
Arrow Electronics 
Phone; (315) 652-1000 
Melville 

Hamilton/Avnet Electronics 
Phone; (516) 454-6012 
Rochester 
Arrow Electronics 
Phone: (716) 275-0300 
Hamilton/Avnet Electronics 
Phone: (716) 475-9130 
Schweber Electronics 
Phone: (716) 424-2222 
Westbury, L.l. 

Schweber Electronics 
Phone: (516) 334-7474 

NORTH CAROLINA 
Greensboro 

Pioneer Electronics 
Phone; (919) 273-4441 

Raleigh 

Hamilton/Avnet Electronics 
Phone: (919) 829-8030 
Winston-Salem 
Arrow Electronics 
Phone:(919) 725-8711 

OHIO 

Beechwood 

Schweber Electronics 
Phone: (216) 464-2970 

Cleveland 

Hamilton/Avnet Electronics 
Phone: (216) 831-3500 
Pioneer Electronics 
Phone: (216) 587-3600 


Centerville 

Arrow Electronics 
Phone: (513) 435-5563 

Dayton 

Hamilton/Avnet Electronics 
Phone: (513) 433-0610 
Pioneer Standard Electronics 
Phone: (513) 236-9900 

Solon 

Arrow Electronics 
Phone: (216) 248-3990 

OKLAHOMA 

Tulsa 

Quality Components 
Phone: (918) 664-8812 

OREGON 
Lake Oswego 

Hamilton/Avnet Electronics 
Phone: (503) 635-8831 

PENNSLYVANIA 

Horsham 

Schweber Electronics 
Phone: (215) 441-0600 

Pittsburgh 

Arrow Electronics 
Phone: (412) 856-7000 
Pioneer/Pittsburgh 
Phone: (412) 782-2300 

TEXAS 

Austin 

Hamilton/Avnet Electronics 
Phone; (512) 837-8911 
Quality Components 
Phone: (512) 835-0220 

Dallas 

Hall-Mark Electronics 
Phone: (214) 341-1147 
Hamilton/Avnet Electronics 
Phone; (214) 659-4111 
Quality Components 
Phone: (214) 387-4949 
Schweber Electronics 
Phone; (214) 661-5010 
Houston 

Hamilton/Avnet Electronics 
Phone: (713) 780-1771 
Quality Components 
Phone: (713) 772-7100 
Schweber Electronics 
Phone; (713) 784-3600 

UTAH 
Salt Lake City 
Hamilton/Avnet Electronics 
Phone: (801) 972-4300 

WASHINGTON 

Bellevue 

Arrow Electronics 
Phone: (206) 643-4800 
Hamilton/Avnet Electronics 
Phone: (206) 453-5844 
Wyle Distribution Group 
Phone: (206) 453-8300 
WISCONSIN 
Oak Creek 
Arrow Electronics 
Phone: (414) 764-6600 
New Berlin 

Hamilton/Avnet Electronics 
Phone; (414) 784-4510 
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FOR SIGNETICS 

PRODUCTS 

WORLDWIDE: 


ARGENTINA 
Fapesa l.y.C 

Buenos-Aires 
Phone: 6527438/7478 

AUSTRALIA 
Philips Industries-ELCOMA 

Lane-Cove. N.S.W. 

Phone: (02) 427-0888 

Queensland 

Brisbane 
(07) 277-3332 

South Australia 

Adelaide 
(08) 45-0211 

Victoria 

Melbourne 
(03) 544-7833 

Western Australia 

Perth 

(09) 277-4199 

AUSTRIA 
Osterrichische Philips 

Wien 

Phone: 93 26 22 

BELGIUM 

M.B.LE. 

Brussels 

Phone: 523 00 00 

BRAZIL 

Ibrape Electronica Ltda. 

Sao Paulo 

Phone: (011) 211-2600 

CHILE 

Philips Chilena S.A. 

Santiago 
Phone: 39-4001 


COLOMBIA 
Sadape S.A. 

Bogota 

Phone: 600600 

DENMARK 
Miniwatt A/S 

Kobenhavn 
Phone: (01) 69 16 22 

FINLAND 
Oy Philips Ab 

Helsinl^i 
Phone: 1 72 71 

FRANCE 

R.T.C. 

Paris 

Phone: 355-44-99 

GERMANY 

Valvo 

Hamburg 

Phone: (040) 3296-1 

GREECE 

Philips S.A. Hellenique 

Athens 

Phone: 915 311 

HONG KONG 
Philips Hong Kong, Ltd. 

Hong Kong 
Phone:12-245121 

INDIA 

Peico Electronics & Elect. Ltd. 
Elcoma Div. 

Bombay 
Phone: 295-144 

INDONESIA 

P.T. Philips-Ralin Electronics 

Jakarta 

Phone: 581058 

IRELAND 
Philips Electrical Ltd. 

Dublin 

Phone: 693355 

ISRAEL 

Rapac Electronics, Ltd. 

Tel Aviv 

Phone: 477115-6-7 


ITALY 
Philips S.p.A. 

Milano 

Phone: 2-6994 

JAPAN 

Signetics Japan, Ltd. 

Tokyo 

Phone: (03) 230-1521 
Osaka-Shi 

Phone: (06) 304-6071 

KOREA 

Philips Elect Korea Ltd. 

Seoul 

Phone: 44-4202 

MEXICO 

Electronica S.A. de C.V. 

Mexico D.F. 

Phone: 533-1180 

NETHERLANDS 
Philips Nederland B.V. 

Eindhoven 

Phone: (040) 79 33 33 

NEW ZEALAND 
Philips Electrical ind. ELCOMA 
Auckland 
Phone; 867119 

NORWAY 
Electronica A.S. 

Oslo 

Phone: (02) 15 05 90 

PERU 

Cadesa 

Lima 

Phone: 628599 

PHILIPPINES 
Philips Industrial Dev., Inc. 

Makata Rizal 
Phone: 868951-9 

PORTUGAL 
Philips Portuguesa SARL 
Lisbon 

Phone: 68 31 21 

SINGAPORE/MALAYSIA 
Philips Singapore Pte., Ltd. 
Singapore 
Phone; 538811 


SOUTH AFRICA 
E.D.A.C. (PTY), Ltd. 

Johannesburg 
Phone: 24-6701-3 

SPAIN 
Copresa S.A. 

Barcelona 
Phone; 329 63 12 

SWEDEN 
Elcoma A.B. 

Stockholm 
Phone; 08/67 97 80 

SWITZERLAND 
Philips A.G. 

Zurich 

Phone: 01/44 22 11 

TAIWAN 
Philips Taiwan, Ltd. 

Taipei 

Phone: (02) 563-1717 

THAILAND 
Saeng Thong Radio, Ltd. 

Bangkok 

Phone; 34985/36980 

TURKEY 
Turk Philips 
Ticaret A.S. 

Istanbul 
Phone; 453250 

UNITED KINGDOM 
Muilard, Ltd. 

London 

Phone: 01-580-6633 

UNITED STATES 
Signetics international Corp. 

Sunnyvale. California 
Phone: (408) 739-7700 

URUGUAY 
Luzilectron SA 

Montevideo 
Phone: 943 21 

VENEZUELA 
Industrias Venezolanas 
Philips S.A. 

Caracas 

Phone; 239-8180 
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